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ABSTRACT 
The Geitafell central volcano was active 6-5 my ago and involved a 
tholeiitic suite comparable to those of other Tertiary volcanic centres 
in Iceland. Geochemical evidence suggests that the volcano was located 
in an axial rift-zone, supplied by magmas derived from large degrees of 
melting in a relatively garnet-rich mantle source. The magmas are 
inferred to have collected and fractionated in a magma-chamber at 
slightly deeper crustal levels than those of the present axial 
rift-zone. 
Magmatic activity was for a long period characterised by the extrusion 
of relatively evolved, small volume, phenocryst-poor basaltic lavas, 
grading into basaltic andesites; however, early events included the 
mixing of basic and acid magma resulting in the production of composite 
units. A shorter period of intense intrusive activity followed, which 
saw the emplacement of less evolved, more porphyritic basalts as sheets 
and dykes with intermittent intrusive phases producing diorites and 
quartz-diorites. The extrusive rocks that may have been fed by the 
sheets and dykes have been removed by erosion, except for late-stage 
rhyolite lavas fed by relatively thick micro-granitic dykes. A phase 
involving the intrusion and extrusion of highly porphyritic magma was 
pene- contemporaneous with the rhyolitic phase; collectively these 
represent the last magmatic activity related to the Geitafell complex. 
Gabbroic intrusions of irregular (non-tabular) shape are related to the 
suite of lavas, sheets and dykes; they represent, to varying degrees, 
cumulates of plagioclase, pyroxene and FeTi-oxides ± divine. However, 
there is also clear evidence for the relative enrichment of plagioclase 
only in some extrusive and intrusive units, including gabbros. 
Thick doleritic dykes, which cut all other formations, are probably not 
cogenetic with the remainder of Geitafell suite. A sequence of medium-
grained basaltic lavas, which partly bury the late-stage rhyolites, may 
or may not have been derived from the Geitafell centre. 
[Ii 
AKCNOWLEDGEMENTS 
First of all I would like to thank my supervisor, Brian Upton, for 
guidance, patience and flexibility during the course of this work. 
Gudmundur Omar Fridieifsson is sincerely thanked for forwarding the idea 
of this project to me originally, for invaluable introduction to the 
field area and for giving access to his samples and thin sections. 
Sveinn P Jakobsson is thanked for a stimulating discussion. I 
gratefully acknowledge the receipt of a FOC-award in my first year, made 
available through the British Embassy in Iceland. 
Dodie James, Godfrey Fitton, Peter Hill, Stuart Kearns, Peder Aspen and 
Diana Baty are thanked for their practical help at Edinburgh; as are 
Jan Barker, Alison Warren and Claire at the Royal Holloway and Bedford 
New College (London). I am especially indebted to Nick Walsh at the 
RHBNC for making the REE analysis of representative samples possible at 
short notice. Sue Wallis, Claire Linklater and Edward Follows are 
thanked for their gentle, good humoured support and for just being 
there. Everyone on the Mull 1987 excursion, especially Karen, Susan, 
Bev, Jean and Marie, are thanked for sharing a very good field trip. 
Sue Wallis cannot be adequately thanked for her help in the field and 
for an introduction to the EMAS data processing; access to programs 
written by Wallis and Winterburn and by Andy Walker is acknowledged. 
I am very grateful for the support and encouragement shown by my 
Icelandic friends in Edinburgh, with special reference to Sigga and 
Patrik whose intervention saved this project from extinction. Björn S 
Hardarson receives my sincere thanks for his contribution during the 
latter stages of this work and concern throughout. My family and my 
parents-in-law are deeply thanked for their unwavering support. Hildur 
and Hallfridur are thanked for their help and companionship in the 
field, the families at Smyrlabjärg, Hoffell and Svinafell for their 
assistance and hospitality, and the owners of the Krâksgil- and 
Vidbordsfjall huts for their generosity. 
Finally - I would like to thank my husband, Loftur Reimar, who alone made 
it all possible and worthwhile through constant love and tolerance; and 
who after years of support did a lot more than his fair. share of 
housework and babysitting while this thesis was written. And last but 
not least I would like to thank our little son, Loftur Sigurctur, for 
sharing all those sleepless nights with me. 
iv 
CONTENTS 
CHAPTER 1 INTRODUCTION 
page 
1.1. The general geology 	of 	Iceland ................................ 1 
1.1.1. Iceland 	and 	the 	Mid-Atlantic 	ridge..................... 1 
1.1.2. The structure and stratigraphy of 	Iceland.............. 3 
1 .1.2.1. 	Tertiary...................................... 5 
1.1.2.2. 	Plio-Pleistocene.............................. 8 
1.1.2.3. 	Upper 	Pleistocene ............................. 10 
1.1.2.4. 	Postglacial 	(Recent) .......................... 11 
1.1.3. The 	three 	rock 	series.................................. 12 
1 .1.4. Lava 	types............................................. 13 
1 .2. Central volcanoes ............................................. 14 
1.3. The Geitafell central 	volcano................................. 17 
1.3.1. Introduction........................................... 17 
1.3.2. Stratigraphy........................................... 23 
1 .3.3. Intrusive 	phases....................................... 29 
1.3.4. Alteration............................................. 37 
1.4. Recent work 	in 	Geitafell ...................................... 40 
1 .4.1. Fieldwork ............................................. 40 
1.4.2. Classification ......................................... 49 
CHAPTER 2 PETROGRAPHY 
2 .1. Introduction.................................................. 51 
2 .2. Lavas ......................................................... 51 
2 .2.1. Phenocrysts............................................ 51 
2 .2.2. Groundmass............................................. 55 
2 .3. Minor Intrusions.............................................. 57 
2 .3.1. Basic ...... ............................................ 57 
2.3.2. Intermediate ........................................... 64 
2 .3.3. Acid................................................... 67 
2 .4. Major intrusions.............................................. 68 
2.4.1. Gabbros and associated rocks .........  .................. 68 
2.4.1.1. 	Gabbros ........................................ 68 
2.4.1.2. 	Associated 	leucocratic rocks.................. 81 
2.4.2. Acid 	and 	intermediate.................................. 84 
2.5. Pyroclastic and mixed-magma 	rocks............................. 87 
2.5.1. Minor 	units............................................ 87 
2 .5.2. Major 	units............................................ 93 
CHAPTER 3 MINERAL CHEMISTRY 
3.1. Feldspars ..................................................... 	94 
3.1.1. Lavas..................................................94 
3.1.2. Minor intrusions.......................................96 
3.1.3. Major intrusions.......................................97 
3.1.4. Zonation 	 100 
3.2. Pyroxene 	 102 
3.2.1. Lavas..................................................104 
3.2.2. Minor intrusions.......................................104 
3.2.3. Major intrusions.......................................106 
3.2.4. Al and Ti in the pyroxenes.............................108 
3.3. Other phases..................................................110 
3.3.1. Olivine ................................................110 
3.3.2. Opaque oxides..........................................111 
3.3.3. Biotite ................................................112 
3.3.4. Glass...................................................112 
CHAPTER 4 WHOLE ROCK CHEMISTRY 
4.1. Introduction ..................................................116 
4 .2. Major element variations......................................125 
4 .3. Trace element variations......................................132 
4.4. Inter-element variation diagrams..............................149 
4.5. Chondrite normalised Incompatible element patterns............157 
4.6. Rare earth element abundances (chondrite normalised) ..........160 
CHAPTER 5 DISCUSSION..............................................169 
REFERENCES .........................................................178 
APPENDIX I Samples 	and 	locations............................... 187 
APPENDIX II Modal 	analyses...................................... 195 
APPENDIX III Mineral 	data ........................................ 197 
APPENDIX IV Whole-rock 	data...................................... 208 
APPENDIX V REE 	data............................................ 219 
APPENDIX VI Analytical 	methods.................................. 223 
VI 
LIST OF FIGURES, PLATES AND TABLES 
page 
Figure 1.1 Iceland 	and 	the 	ocean 	ridges......................... 2 
U 1.2 The 	volcanic 	zones 	in 	Iceland........................ 2 
1 .3 Tectonic 	map 	of 	Iceland .............................. 6 
U 1.4 Geological 	map and profile 	from Geitafell ............ 21 
U 1.5 Stratigraphic 	column ................................. 22 
ii 1.6 Panoramic 	photograph ................................. 41 
N 1.7 Field 	photographs.................................... 42 
Plate 1 Petrography 	of 	some 	lavas............................ 69 
2 Petrography 	of 	some 	lavas............................ 70 
3 Petrography 	of 	some minor 	intrusions................. 71 
p 4 Petrography of 	some minor 	intrusions................. 72 
U 5 Petrography of 	some major 	intrusions................. 73 
6 Petrography of 	some major 	intrusions................. 74 
U 7 Petrography 	of 	some major 	intrusions................. 75 
8 Petrography of some pyroclastic rocks ................ 76 
9 Petrography of 	some pyroclastic rocks................ 77 
Figure 3.1 All 	feldspar 	analyses................................ 95 
3.2 Selected 	feldspar 	analyses........................... 98 
N 3•3 Zonation 	of 	feldspar ................................. 101 
U 3.4 All 	pyroxene 	analyses ................................ 103 
3.5 Selected pyroxene 	analyses........................... 107 
3.6 Glass analyses 	in 	the system Ab-Qz-Or................ 113 
N 3.7 Glass analyses on an alkali-silica diagram........... 113 
4.1 Alkali-silica 	diagram................................ 117 
4 .2 AFM 	diagram.......................................... 119 ° 4.3 The 	system 	di-hy-ol-Oz ............................... 121 
0 44 
4.5 
A1203 , CaO and Sr vs Si02 : plagioclase-enrichment 
a) 	vs 	and 	vs 	.................... 
123 
CaO 	Si02 	b) MgO 	S102 126 
4.6 a) 	Fe203 vs Si02 and b) 	Ti02 vs 5102................. 127 
4.7 a) 	MnO vs Si02 and b) 	A1203 	vs Si02.................. 128 • 
• 4.8 4.9 
a) 	K20 vs SiO, and b) 	Na20 vs SiO 	................... 
a) P205 vs Sib2 and b) P205 vs Mgb ................... 
129 
130 
U 4.10 a) 	Cu 	vs S102 and b) 	Cu 	vs MgO........................ 133 
• 4.11 a) 	Cr 	vs SI02 and b) 	Cr 	vs MgO ............. .......... 134 
4.12 a) 	Ni 	vs 5102 	and b) 	Ni 	vs MgO....................... 135 
• 4.13 a) 	Sr 	vs 5102 and b) 	Sc 	vs Si02...................... 136 • 4.14 
4.15 
a) 	V 	vs Si02 and b) 	Zn 	vs S i02 ....................... 
a) 	Ba vs Si 02 and b) 	Rb 	vs Si02...................... 
137 
138 
U 4.16 a) 	La vs S102 and b) 	Ce 	vs Si02...................... 139 
4.17 a) 	Nb vs S102 and b) 	Nd vs Si02 ...................... 140 • 4.18 a) 	Th 	vs Si02 and b) 	Pb vs Si02...................... 141 
4.19 a) 	Y vs S102 and b) 	Zr 	vs 	Si02....................... 142 
Table 4.1 Analyses of a lava and possible feeder dykes ......... 148 
Figure 4.20 a) 	T102 	vs P205 and b) 	1(20 vs P205................... 150 
4.21 a) 	1(20 	vs Rb 	and b) 	La 	vs 	Ce .......................... 151 • 4.22 a) 	La 	vs Y 	and b) 	Zr 	vs Y............................ 152 
U 4.23 a) 	Ce 	vs Y and b) 	Zr 	vs Nb........................... 153 
4.24 Ce/Y 	vs 	Zr/Nb........................................ 154 
o 4.25 Spiderdiagrams for A) 	lavas and B) minor intrusions 158 • 4.26 PEE patterns 	for 	the 	lavas........................... 161 
4.27 REE patterns for the minor 	intrusions................ 162 • 4.28 PEE patterns for 	the major 	intrusions ................ 163 
U 4.29 PEE patterns comparing the three groups.............. 164 
Dedicated to my parents with love 
CHAPTER 1 INTRODUCTION 
1.1. The general geology of Iceland 
1.1.1. Iceland and the Mid-Atlantic ridge 
Iceland is located in the North Atlantic ocean where the active 
Mid-ocean ridge and the inactive Greenland- Faeroe-Scotland ridge meet. 
On the former rifting takes place, but the latter is of different 
origin. It was considered to be a land bridge, but since the advance of 
plate tectonics in the 1960's It is seen as the trace of locally 
increased activity upon the spreading Mid-ocean ridge (Kristjánsson, 
1979). Iceland itself is seen as the latest result of that increase. 
The direction of the active ridge is not the same on either side of the 
island (fig.1.1). North of Iceland the ridge trends N-S, but south of 
Iceland it trends 35 0 east of north. This causes complexities in the 
structure of the island, as does an eastward shift of the northern part 
of Its volcanic zone. A zone of faults crosses central Iceland from 
east to west connecting the northeastern part of the volcanic zone with 
the southwestern part, and a similar zone in the north (partly offshore) 
connects the volcanic zone with the ridge itself. 
Iceland differs from the Mid-Atlantic ridge In various ways. The most 
obvious one is in the elevation and topography, but there are subtler 
differences as well. There is a clear geochemical gradient across 
Iceland with regard to many elements, e.g. the potassium content of 
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Fig-1-1. 	Iceland and the surrounding ocean area, depth in fathoms. 
The central zones of the Reykjanes and Kolbeinsey ridges are shown, also 
magnetic anomalies 5 - 21. (From Kristjánsson, 1979: after Talwani and 
Eldholm, 1977) 
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Fig-1.2. 	The volcanic zones of Iceland, and the Plio-Pleistocene and 
Tertiary stratigraphic groups; six main glaciers are shown. The map 
aiso shows the geothermal gradient outside the volcanic zones. (After 
Fridleitsson, 1979) 
axial rift tholeiltes which reaches a maximum in central Iceland 
(Jakobsson, 1979b). The total volcanic discharge rate has been 
calculated for postglacial rocks across the country (i.e. along the 
axial rift zones) and that also reaches a maximum just south of central 
Iceland. There the productivity is 4-5 times higher than on the ridge 
just south or north of Iceland. The amount of acidic and intermediate 
rocks as well as alkalic rocks is also greatest in south central 
Iceland, and virtually unknown on the submerged ridges (Jakobsson, 
1979b). 
A possible explanation for these differences is that a mantle plume 
exists under Iceland (Saemundsson, 1979). The Iceland crust is more 
than twice as thick as the normal oceanic crust, and its elevation is 
thought to be the consequence of an anomalous mantle with lower average 
densities and higher temperature than the surrounding region. The 
current location of the plume is assumed to be under southeast Iceland. 
Both linear tectonic features, productivity, topography and the eastern 
offset of the volcanic zones with respect to the Mid-Atlantic ridge all 
conform to the hypothesis of a mantle plume in that region. 
1.1.2. The structure and stratigraphy of Iceland 
The following account is largely based on the paper Outline of the 
geology of Iceland" by Saemundsson (1979). 
The axial rift zone of Iceland marks the boundary of the two oceanic 
plates. 	It is characterised by well developed rift structures with 
/ 
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large dyke or fissure swarms exhibiting extensional tectonic features 
such as open fissures, grabens and crater rows on the surface and dykes 
and normal faults at deeper levels. The fissure swarms are arranged in 
either dextral (N-Iceland) or sinistral (SW-Iceland) en echelon pattern, 
depending on the trend of the group of swarms relative to the direction 
of spreading (about 1000  east of north). The swarms range' from 10 km to 
over 100 km in length, and up to 20 km broad. Usually each fissure 
swarm has developed one central volcano, characterized by being the 
locus of maximum production. In most cases a caldera and indications of 
a magma chamber at shallow levels (seismic evidence, acidic rocks) mark 
the site of a central volcano, but they are not neccessarily of high 
topographic relief. Together, the volcano and the fissure swarm 
constitute one huge volcanic system. The volcanic systems of the axial 
rift zone only erupt rocks belonging to the tholeiltic series. 
The lava piles on each side of the axial rift zone dip towards it and 
hence age away from it. Complications arise in older strata as the 
axial rift zone has not always been in the same position. Extinct rift 
zones are seen as shallow synforms toward which the lavas become 
progressively younger. Between extinct and active rift zones 
unconformities occur with antiformal structures. An age gap between the 
antiformal flanks is the result of one being formed in the old rift zone 
and the other in the active one. Synformal and antiformal structures 
occur in north, west and east Iceland. 
Two synforms are found in Tertiary strata about 150 km west ,of the 
present rift zone. The southern one trends SW-NE but the northern one 
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trends N-S. They are of similar age and were probably connected into 
one inflected rift zone, similar in form to the active axial rift zone 
of today. There is an agreement between the age of the youngest lavas 
of the western zone and the oldest lavas of the eastern volcanic zone. 
A parallel shift of the rift zones towards east must have taken place 
(about 6-7 m.y. ago). This is in concordance with the general eastward 
offset of Icelandic rifting relative to the Mid-Atlantic ridge. 
The Icelandic strata are divided into four stratigraphic groups, two of 
which are more or less symmetric around the active volcanic zones 
(fig.1.2), whereas the third covers an area roughly identical with these 
zones. The fourth is discontinuous and is composed of scattered 
volcanic systems (fig.1.3) along the middle of the volcanic zone, all of 
which have been active after the last glaciation. The four conventional 
stratigraphic groups and their relationship will be described below. 
1.1.2.1. Tertiary 
Rocks older than 3.1 m.y. cover about half the total area of Iceland. 
They are found In two distinct areas; one lies to the west and north, 
the other in the far east (flg.1.2). Only rocks belonging to the 
tholelitic series have been found In the Tertiary so far. The strata 
are made up of subaerial tholelitic lavas and are very regular except in 
the vicinity of extinct Tertiary central volcanoes, buried in the lava 
pile. There the more evolved members of the tholei.itic series are 
found, both as extrusive and intrusive rocks. Hydrothermal alteration 
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Fig.1.3. 	Tectonic map ot Iceland(from Saemunclsson, 1979). The 
location at the Geitateli volcanic complex is indicated (the tieia area 
is shown). 
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characteristic of the volcanoes. 	Higher intrusive intensity is 
encountered; 	in addition to regional dykes the intrusions consist of 
cone sheet swarms, local dyke swarms and larger bodies of gabbro and 
granophyre. Irregular dips, due to increased faulting including caldera 
collapses, are common. 
Probably the total number of Tertiary volcanoes does not greatly exceed 
50, which means one central volcano per 1000 km 2 of Tertiary area. 
Their size is of the order 100 - 500 km 2 so they only count for up to 
50% of the total area of Tertiary rocks. The monotony of the remaining 
50% is undisturbed - classic plateau basalt series with gentle inland 
dip and old eroded peneplanes or glacial erosion surfaces giving nearly 
horizontal tops to the mountains. Characteristic of the Tertiary series 
are thin inter-beds of reddish tuffaceous material. This consists of 
glass and hematised groundmass, and is considered to be of aeolian 
origin. Other sedimentary horizons are sparse, except for a few 
localities where circumstances allowed the formation and preservation of 
lacustrine or marine sediments. 
The slight (0_100) inland dip of the lavas combined with downdip 
thickening, suggests that the lavas were tilted during the formation of 
the pile and not as a result of later tectonism. An important feature 
is the fanning of the dips, from near zero at highest levels up to 10 0 
at sea level. Each lava flow was erupted near the centre of the 
volcanic zone and became, in most cases, an elongate lenticular unit. 
Subsequently this unit underwent simultaneous central subsidence and 
lateral transport (due to rifting). The result is a synformal 
structure, with strata on either side of the volcanic zone dipping 
towards it. As lava flows are of limited horizontal extent they are 
bound to overlap (or rather offlap). Therefore the aggregate thickness 
is more than the height of the pile (1500 m) suggests. The thickest 
continuous section studied so far Is an 8.5 km section of 700 lavas in 
eastern Iceland, with a timespan of 10 m.y. Below there are at least 
another 2-5 km of extrusives below which seismic layer 3 is reached. 
The ages of the oldest exposed rocks of the Tertiary vary from 12-16 
M.Y. However, as explained above, these are not the oldest lavas and 
the actual age of the lava pile is considerably greater. 
1.1.2.2. Plio-Pleistocene 
Rocks 3.1 - 0.7 m.y.  old account for about one quarter of the total area 
of Iceland and cover broad zones between the Tertiary areas and the 
neo-volcanic zones (fig.1.2). This formation is referred to as 
Plio-Pleistocene and about 10 central volcanoes are found within it. 
There was no change in the productivity of the active rift zones at 3.1 
m.y. ago, but the onset of ice age with alternating glaciations and 
intergiaclals had a marked effect on the morphology and character of the 
volcanic products. The strata contain interbedded hyaloclastites and 
breccias from subglacial eruptions and beds of tillite or fluvioglacial 
conglomerates due to increased erosion. This 3.1 - 0.7 m.y. 
stratigraphic group is about 2.5 km thick and is, with few exceptions, 
conformable with the Tertiary strata. 
The boundary between the Tertiary and the Plio-Pleistocene was somewhat 
arbitrarily fixed at the Mammoth reversed magnetic event (3.1 m.y.) when 
tillites first appear in SW and NE Iceland. However, in southeast 
Iceland, the oldest tillites date back to Ca. 5 m.y., which has been 
related to localised ice-caps. Fridieifsson (1983) pointed out that 
evidence for climatic cooling is found elsewhere in Iceland at that 
time, and suggested that the stratigraphic scale be modified 
accordingly. 
During the Pilo-Pleistocene volcanism began in three areas outside the 
volcanic zones (fig.1.2). These have been termed flank zones, leaving 
the main part of the volcanic zone to be called axial rift zones. In 
the north on a peninsula, well removed from the rift axis, tholelitic 
volcanism began in an isolated field which is now extinct. In the far 
west, on the Snaetellsnes peninsula, transitional (as opposed to 
tholeiitic) volcanism began and persisted throughout the ice ages into 
the Holocene, having then become alkalic in character. The volcanics of 
both of these flank zones truncate much older Tertiary strata, and 
provide the exceptions to the general conformity between Tertiary and 
P1 jo-Pleistocene formations. 
The third area of Pilo-Pleistocene volcanism is the southern part of the 
eastern volcanic zone. This activity is not isolated from the rift axis 
but represents a southward propagation of the northern rift zone. 
None-the-less, the main rift axis in the south continues to be the 
western segment which connects with the Mid-Atlantic ridge. As a 
result, the area between these two branches of the volcanic zone is 
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affected by double rifting. 	This area is called the South Iceland 
seismic zone and has understandably suffered many large historic 
earthquakes (Elnarseon and Björnsson, 1979). The volcanism of the 
younger eastern branch is transitional to alkalic in character and has 
persisted to present times (e.g. Vestmannaeyjar 1973). 
The flank zones, in contrast to the axial rift zones, are characterised 
by poorly developed rift structures. 
1.1.2.3. Upper Pleistocene 
Rocks younger than 0.7 m.y. excluding, those of post-glacial age (see 
next section) cover about one quarter of Iceland. This formation is 
referred to as Upper Pleistocene and covers an area essentially 
identical with the neo-volcanic zones (fig.1.2), within which about 30 
volcanic systems have been defined. The Bruhnes magnetic epoch which 
began at 0.7 m.y. ago provides a convenient marker for the base of the 
Upper Pleistocene rocks. Furthermore, the boundary with the underlying 
Plio-Pleistocene series is usually marked by an unconformity, caused by 
volcanic products of the axial rift zones extending far beyond the rift 
axis to form a transgressive apron of lava flows. 
The Upper Pleistocene series also differs from the Plio-Pleistocene in 
that the volcanic systems are largely preserved on the surface instead 
of being buried in the lava pile. 	The volcanic products are of two 
kinds: 	(i) subaerial lava flows and (ii) subglacial pillow lavas and 
hyaloclastites. 	Eruption took place either through central vents or 
elongated fissures. 	Of the subaerial volcanic systems only those 
erupted through central vents, i.e. lava shields, are preserved, whereas 
both forms of volcanic systems are preserved in the case of the 
subglacial activity. 	These forms are table mountains (lava-capped 
hyaloclastite mounds) 	which 	erupted 	from central 	vents, 	and 
hyaloclastite ridges which developed above erupting fissures. The 
ridges never reached above the ice sheet whereas the lava-caps of the 
table mountains resulted from a final subaerial stage when the 
brecciated mound reached above its melt-water lake. 
Upper Pleistocene volcanism produced intermediate and acid rocks as 
throughout earlier history. 	Eruptions of such material under the ice 
sheet resulted in glassy rhyolite and steep rhyolite domes. 	The 
proportion of subglacial to subaerial material is higher in the Upper 
Pleistocene than the Pilo-Pleistocene which indicates glaciations of 
longer duration. The volcanic systems of the Upper Pleistocene series 
are mostly still active or dormant. 
1.1.2.4. Postglacial (Recent) 
The Postglacial period varies from 9000 - 13000 yrs.B.P. from place to 
place in Iceland depending on when the last glaciation finished; the 
ice sheet persisted longer In the southeast, in the area of maximum 
precipitation. Of the 30 volcanic systems of the volcanic zones only 6 
can be regarded as wholly extinct, and the Postglacial volcanic rocks 
are the products of the remaining 24 active systems. Fig. 1.3 shows the 
general geology of Iceland including these volcanic systems with their 
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respective fissure swarms. Their total lava production is about 500 km 3 
covering more than 10% of the surface of Iceland. The ratio of acid and 
intermediate rocks to basaltic is about 10% which is similar to that of 
the other stratigraphic groups. The Postglacial series is not wholly 
composed of volcanic products but also includes sediments and soils. 
1.1.3. The three rock series 
The three rock series of Iceland have been mentioned In the above 
context. A brief description of their characteristics follows (after 
Jakobsson, 1979b). 
Tholeiitic series: Generally characterised by relatively high contents 
of Fe and Ti, and low contents of Al and Ca. Normative hypersthene of 
the basalts is mainly between 10-19%. The tholeiltic series comprises 
picrite, olivine tholelite, tholeiite, basaltic icelandite, icelandite, 
dacite and rhyolite. 
Transitional series: This is a hypersthene normative alkalic series in 
which the basic rocks are usually characterised by high contents of Fe 
and TI and a low Al content. The basalts of this series will plot above 
the Hawaiian tholelite/alkali-olivine-basalt divide on an alkali:silica 
diagram, but evolved compositions on the other hand plot below the 
division line. The series includes ankaramite, transitional basalt, 
basaltic andesite (hawaiite), andesite (mugearite), trachyte (?) and 
comenditic rhyol ite. 
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Alkahc series: The basalts of this series are characterised by small 
amounts of normative nepheline and plot above the Hawaiian divide. The 
series involves ankaramite (?), alkali olivine basalt, hawaiite 
(trachybasalt), mugearite (trachyandesite), benmoreite, trachyte (?) and 
alkalic rhyolite. 
1.1.4. Lava types 
The field key used to distinguish lava types in Icelandic strata was 
initially presented by Walker (1959) and later supported and modified by 
the geochemical studies of Carmichael (1964). For the basic 
(low-silica) lavas, three types are distinguished: 
Compound flows of olivine tholelite 
Simple flows of tholeiite with little or no olivine 
Plagloclase (and/or pyroxene) porphyritic flows. 
Gradations exist between the three. The olivine tholeiites often form 
lava shields consisting of thin flow units with unclear boundaries. The 
olivine-poor tholeiltes are commonly fissure-erupted and appear as 
thick, single lavas. The porphyritic flows are also commonly erupted 
from fissures and are often voluminous. In central volcanoes all types 
occur, but olivine-poor tholeiltes are most abundant. They tend to be 
thin In comparison with the regional fissure-fed tholeiite lavas and are 
referred to as central type tholeiltes. 
The 	intermediate 	lava 	types, 	basaltic 	andesite 	and andesite 
(icelandite), have recognizable field characteristics as well, although 
whole-rock analysis is needed to prove their nature. 	The basaltic 
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andesite lavas are commonly thicker than the tholeiitic basalt lavas and 
are even finer grained. Petrographically the basaltic andesites often 
show bimodality in the size and texture of opaque oxides (Carmichael, 
1964). The larger ones are euhedral and precipitated relatively early, 
the smaller ones are anhedral and are a part of late interstitial 
crystallisation. The icelandites are dense, dark rocks with more or 
less conchoidal fracture and generally have a prominent flow structure 
which differs from that of the tholeiite basalts in being conspicuously 
folded or contorted. Dacitic and rhyolitic lavas are distinguishable in 
the field on colour basis alone. 
1.2. Central volcanoes 
The following account is largely based on papers by Jakobsson, 1979b, 
and Steinthórsson et al., 1987, where review is given of the petrology 
of Iceland. 
The axial rift zones in Iceland are composed of discrete volcanic 
systems, forming an en-echelon array over the plate boundary (see also 
section 1.1.2). A volcanic system Is a spatial grouping of eruption 
sites, Including an elongated swarm of volcanic fissures, and with time 
a volcanic system will develop a central volcano. Crustal accretion is 
confined to the volcanic systems, which have been shown seismically to 
be crustal phenomena (Bjärnsson and Einarsson, 1983). Magma rises up 
the plate boundary into the central region of the volcanic system, from 
where it may surge along the swarm during periods of crustal extension 
(Bjôrnsson et al., 1977). The chemistry and the degree of evolution of 
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the volcanic systems in Iceland vary systematically from one volcanic 
zone to another (Jakobsson, 1972; Jakobsson, 1979a). 
The division into volcanic systems is of great importance in 
understanding the petrogenesis of Icelandic rocks. They are considered 
to be active for a limited period of time (up to one million years) and 
to develop a distinct rock suite. The central volcano builds up where 
the discharge of magma is highest, and this is where acid volcanism, a 
caldera and high temperature area may develop. Intermediate rocks may 
occupy a broader area around the centre, whereas in the distal parts 
only basic rocks are found. These features are indicative of a magma 
reservoir at relatively shallow depth. 
Central volcanoes are common in all geological formations in Iceland. 
The fossil ones are characterised by intense hydrothermal alteration and 
high intrusive intensity, in addition to acid rocks and calderas as the 
active ones. In the Tertiary formation there are approximately 44 
exposed volcanic systems. The central volcanoes of several of these 
have been studied petrologically, and have with one exception 
exclusively produced rocks belonging to the tholelitic series. These 
central volcanoes Include Thingmli (Carmichael, 1964) in eastern 
Iceland and Setberg I (Sigurdsson, 1970), Reykjadalur (Jóhannesson, 
1975), Hafnarfjall-Skardsheidi (Franzson, 1978) and Króksfjärdur 
(Jónasson, 1990) in western Iceland; 	in Kráksfjärdur both tholeiitic 
(low .-on <eker) 
and calc-alkalic'/rocks were produced. The geochemical trends of these 
Tertiary central 	volcanoes are very similar, creating parallel 
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trend-lines on an alkali-silica diagram. 	A brief account of the 
petrology of Thingm(di follows. 
The lavas and the intrusions which make up the Thingmüli central volcano 
grade in composition from olivine-tholeiites through basaltic andesites 
and icelandi tes to rhyol ites. Progressive iron-enrichment, initially 
comparable to that of Skaergaard, becomes restricted at approximately 50 
per cent silica and never reaches as high a degree as in the Skaergaard 
intrusion. 
Plagioclase is the only feldspar phenocry5t. 	- 
Pyroxene phenocrysts are rare in the basic rocks 
but present as augites. Augite and orthopyroxene phenocrysts are common 
in the Icelandites, as are ferroaugite phenocrysts in the rhyolites. 
Olivine is a phenocryst in the more magnesian basalts only (as F0 95_65 ), 
but reappears in the icelandites and rhyolites (as P0 45). Magnetite 
appears as a widespread micro-phenocryst phase in the more evolved, 
olivine-free, basalts, but decreases in abundance (as a phenocryst 
phase) in the basaltic andesites and is almost completely suppressed in 
the icelandites and rhyolites. This is considered to play a vital role 
in the fractionation of the suite, controlling the Fe- and Ti contents 
of the liquids and hindering extreme iron-enrichment in the intermediate 
stages. 
Olivine is a groundmass constituent of the olivine-tholeiites. 	Two 
pyroxene phases are found In the grounnass of the basalts and the 
basaltic andesites, 	namely 	augite and 	intermediate 	pigeonite. 
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Groundmass plagioclase in the basalts and basaltic andesites becomes 
progressively more sodic, although its zoning becomes increasingly 
restricted with an increase in the amount of glassy residuum. The 
groundmass of the icelandites and rhyolites is nearly glassy. 
The complete gradation in composition, mineralogy and field character is 
taken to indicate that the Thingmüli lavas and intrusions are serial and 
undoubtedly related one to the other in origin. it Is suggested that 
the rock suite has been derived by fractional crystallisation from a 
basaltic parent. 
I.S. The Geltafell central volcano 
The following description is based on a PhD thesis by Fridleifsson, 
titled The geology and the alteration history of the Geitafell central 
volcano, southeast Iceland", completed in 1983 (University of 
Edinburgh). The area had formerly been investigated by Annels (1967) 
and Newman (1967). 
1 .3.1.Introductlon 
The field area is located in the upper HornafjOrdur region in SE Iceland 
(flg.1.3). The volcanic pile is of Tertiary age (5-6 m.y.) according to 
conventional definition of the Tertiary / Pilo-Pleistocene boundary in 
Iceland (3.1 m.y.). The stratigraphic succession, however, has every 
characteristic of the Pilo-Pleistocene rock series described above with 
interbedded tillites and hyaloclastites. 	Such an association implies 
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subglacial volcanism and glaciation of local or even regional extent 
must be inferred. 
A monoclinal flexure forms a prominent feature in SE-Iceland. 	The 
flexure runs some 250 km from Bakkaflói on the northeast coast due south 
and then SE to run along the southeast side of the Vatnajökull 
ice-sheet, under which it is eventually lost (fig.1.3). The flexure 
crosses the Geitafell area and its age is relevant to the chronology of 
the Geitafell volcano. The regional dip of the strata in eastern 
Iceland is W or NW, ranging from 6-80 at sea-level to 00 at highest 
levels. The flexure is a relatively narrow zone (about 5-10 km) along 
which the dips steepen to >10 0 . 
The area was deeply eroded by glaciers during the Pleistocene. Valley 
glaciers from the Vatnajökull Ice-sheet are still present and one of 
them, Hoffellsjôkull, dissects the field area. Two glacial rivers from 
this glacier divide the area into three mountainous areas: 	(a) 
Vidbordsfjall-Graenafell in the southwest, 	(b) SvInafell (centrally), 
and (C) Hoffellsfjall-Grasgiljatlndur in the northeast. They are 
separated by broad braided rivers and fluviatile plains at 50-60 m 
altitude. 
As mentioned above, the area was previously studied by Ptnnels (1967) and 
Newman (1967). Annels mapped the general geology while Newman was 
mainly concerned with the major intrusions. Their conclusion was that 
all the major and minor intrusions were formed more or less 
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simultaneously with the tectonism that produced the flexure zone and 
they associated the intrusive complex with active flexuring. 
Fridleifsson (1983) was the first to recognise that the whole area, from 
Vidbordsfjall to Hoffellsfjall, is a collapse structure characterized by 
intense intrusive activity and propylitization with associated rhyolitic 
and granophyric rocks, of the sort typically found in central-type 
volcanoes. He concluded that the intrusive complex represents a deeply 
dissected central volcano comparable to others in the east and southeast 
of Iceland (e.g. the classic Breiddalur and Thingmüll volcanic complexes 
investigated by Walker (1963) and Carmichael (1964) respectively) and 
that the flexure occurred when the volcano was at a late-stage in Its 
evolution. He named the volcano after "Geitafell", a hill in the 
Hoffellsfjall - Grasgiljatindur mountains where an early gabbro 
intrusion is found. He showed that the Geitafell volcano probably 
formed in central Iceland at a position comparable to that of the 
presently active GrImsvötn and Kverkfjäll volcanoes which underlie the 
Vatnajäkull ice-sheet at the eastern margin of the axial rift zone 
(fig.1.3). Subsequent lateral transport due to rifting moved the 
extinct centre to its present location. 
Fridleifeson's geological map of the area was partly based on those by 
Annels and Newman. The main changes included the recognition of two 
hyaloclastite units instead of one, with a basalt lava unit between 
them, and more significantly the Introduction of a caldera fault. The 
previously mapped boundaries of the gabbros and the mapping of the 
higher parts of the flank areas were accepted without modification. A 
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simplified version of Fridleifsson's geological map and of one of his 
stratigraphic profiles are presented here (fig.1.4). His principal aims, 
however, were to establish the general aspects of the volcano's 
hydrothermal system and to interpret the physico-chemical aspects of the 
alteration (propylitization) (see sect.1.3.4). 
In brief, the Geitafell volcano experienced two major intrusive events 
(gabbros), the heat from which established and maintained a 
high-temperature hydrothermal system and locally produced contact 
metamorphic rocks in the sanidinite-facies. Emplacement of the earlier 
gabbro coincided with an uplift of the central region, which gave rise 
to a reverse fault in the Geitafell-Efstafell mountains. Late in the 
volcano's history a caldera collapse occurred, attended by intrusion of 
the later gabbro and by intrusion of felsite and eruption of rhyolitic 
flows. Hydrothermal activity with high-grade alteration ceased after 
the caldera collapse and regional flexuring then followed. Emplacement 
of comparatively thick brown dolerite dykes trending NE-SW accompanied 
the flexuring. The volcano was subsequently buried by tholeiitic 
basalts 1, of which only the lowest 100 m or so are considered to have 
been erupted from the Geitafell centre. The whole succession 
subsequently became zeolitized. 
A basalt formation comprising hyaloclastite and columnar jointed lavas 
in SvInafell lies unconformably upon an eroded succession and Is 
considered to originate from eruptive sites outside the central volcano. 
Later glaciers eroded the volcano further down to near sea-level, with 
the residual high ground being largely erosional remnants of the 
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volcano's flanks. 	The present-day glacier remnant, Hoffellsjökull, is 
at a regression stage. 
1.3.2. Stratigraphy 
The main stratigraphic units of the Geitafell volcano are three basalt 
lava units (BI, BII and Bill), separated by two voluminous pyroclastic 
units referred to as hyaloclastites (HI and HID, and two rhyolite units 
(RI and P11). 	The simplified map and profile (fig.1.4) show these 
units, as well as marker-horizons within the lava pile. 	The overall 
strike of the succession is NE-SW, dipping from 6 0 to 500 to the NW; 
the strata therefore young to the NW. 
Each of the stratigraphic units will be briefly described below, 
beginning with the oldest one. 	A stratigraphic column is presented 
(fig.1.5) which shows the thickness of each unit; 	for the 
hyaloclastites minimum thicknesses are shown. This column is not the 
result of the measurement of more or less continuous sections, but 
rather a summary (by the present author) of various measurements and 
estimates by Fridleifsson throughout the field area, though mainly in 
the Grasglljatlndur - Hoffellsfjall mountain ridge (NE-half of volcano). 
The other mountainous areas (SvInafell centrally and Vidbordsfjall to 
the SW) reflect the general stratigraphy established in Grasgiljatindur 
- Hoffellsfjall. Major gabbroic intrusions, as well as lesser basic and 
acid ones, are found in each of these areas; they will be described 
separately (section 1.3.3). 
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Basalt Lava Unit I: This unit is composed of basaltic lavas. At the 
base of this unit a rhyolite lava outcrops (east of Hoffell-farm, see 
map) which is connected to a rhyolite formation belonging to a different 
volcanic centre to the east of the field area. The unit is divided into 
three subunits, in the lowest of which the mean thickness of lavas is 
close to 6 m. The second subunit includes sparsely feldsparphyric lavas 
cropping out on Hoffellsfjall, amongst thin (mean thickness 3.3 m), 
aphyric, often highly vesicular lava flows whose unclear boundaries 
suggest shield-type olivine tholeiltes. A 15-20 m thick conglomerate 
separates the second from the third subunit which comprises 3 thick lava 
flows 010 m), 52 thin flows and one conglomerate bed. 	The mean 
thickness of lavas is 5 m. 	This description is based on sections 
measured outside the caldera fault. Inside the caldera in Midfell and 
Tungufell it is mainly the third subunit which occurs, but lavas of more 
intermediate appearance are reported as well. Some 200 m subsidence 
near the fault is seen. Basalt Lava Unit I thickens towards a line that 
strikes NE-SW across the field area (sect.1.3.3), possibly denoting the 
fissure swarm that accompanied the Geitafell central volcano. 
Rhvollte Unit I: 	This acid unit occurs at the base of, and within, 
Hyaloclastite Unit I. It is best seen at the east side of Hoffellsfjall 
where a layer of altered pitchstone (possibly a lava), a granophyric 
intrusion and an acid tuff are found. 
Hyaloclastite Unit I. Predominantly composed of aphyric basalt clasts, 
some of which are pillow fragments. 	Acid clasts occur as well, in 
particular near the base (above RI). 	The hyaloclastite is intensely 
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intruded by sheets. To the SW the hyaloclastite unit becomes thinner as 
seen in Vidbordsfjall. In the centre of the complex, hyaloclastite 
outcropping in Oldutangi beside the glacier margin is regarded as 
belonging to Unit I, but the upper part may belong to Hyaloclastite Unit 
II (see below). Such an interpretation implies that the hyaloclastites 
were thickest in the middle of the volcanic complex where the two units 
may be indistinguishable. 	It has been suggested by earlier authors 
(Annels, 1967; 	Torfason, 1979) that the hyaloclastites formed under 
subaquatic conditions within depressions caused by flexing or caldera 
collapse. Fridleifsson rejected these suggestions on grounds of revised 
chronology, which puts both the caldera collapse and the flexure as much 
later events. He concluded that a regional glaciation accounts for the 
formation of the hyaloclastites. 
Basalt Lava Unit II: 	The topographic relief of Hyaloclastite Unit I 
resulted in the irregular distribution of Lava Unit II. 	Local 
unconformities are common as Basalt Lava Unit II banks against the 
underlying hyaloclastite. Most of the lavas are thin, highly vesicular, 
central-type tholeiites, but thicker lava flows of intermediate 
composition also occur. Whereas Lava Unit II buries Hyaloclastite Unit 
I on the eastern flank of the volcano in the Hoffellstlndur area, this 
unit is absent from the middle of the complex in bldutangl, as discussed 
above. 
Most of this unit is composed of aphyric basalt 
fragments (some recognisable as lava pillows), 	but it also contains 
boulder beds of porphyritic lavas, feldsparphyric tuff, blocks of 
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intermediate lava and some highly vesicular interbedded lava flows. The 
hyaloclastite has clearly accumulated from several eruptions. The unit 
dips steeply (20_400)  to the NW. In Jôkulfell in the west a porphyritic 
lava unit occurs within the hyaloclastite. The unit consists of some 
very localized lavas which outcrop within fault blocks down-dropped to 
the SE into the caldera. These feldsparphyric lavas, as well as 
feldsparphyric tuff and boulders within the hyaloclastite elsewhere, may 
be related to the marnätic 	event that initiated the early gabbro 
intrusion in Geitafell (sect.1.3.3). 	Hyaloclastite Unit II is intruded 
by intrusive phase 5 and all later intrusive phases. 1 poorly sorted 
tillite (1-8 m thick) separates this unit from the overlying rhyolite. 
This is the earliest tillite found in the field area. 
Rhyolite Unit II: This unit comprises some 3 rhyollte lavas, the lowest 
of which is 50-100 m thick, and acid tuff beds with two thinner rhyolite 
lavas interbedded in the base of Basalt Lava Unit III. The distribution 
of this rhyolite horizon is shown on the geological map. Rhyolite Unit 
II is associated with intrusive phase 11 which may have accompanied the 
caldera event (sect.1.3.3). It is only the nearly contemporanous 
intrusive phase 10 and the succeeding intrusive phase 12 which cross-cut 
the Rhyolite Unit II formations. An underlying tillite shows that the 
voluminous Rhyolite Unit II was formed during the deglaciation period. 
Its extrusion is of some interest with respect to isostatic 
re-equilibration; it may have been encouraged by the removal of the 
load of ice. 
5 
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Basalt Lava Unit III: This lava unit comprises thick tholeiite, olivine 
tholeiite and feldspar-porphyr.itic basalt flows. These latter, densely 
porphyritic, flows are markedly different from the sparsely 
feldsparphyric flows of Basalt Lava Unit I which contain small feldspar 
phenocrysts (0.5cm), while these contain large 00.5 cm) feldspar ± 
augite and olivine phenocrysts. This distinction is indicated on the 
geological map and profile (fig.1.4). 
Most of the lavas of Basalt Lava Unit III are regarded as having been 
erupted outside the Geitafell central volcano after its extinction. 
They bury the late voluminous rhyolites and extend far beyond the 
faulted, intruded and propylitised area which marks the Geitafell 
volcanic complex. Further arguments include structural unconformity, 
general strike and dip relationship and differences in zeolite zone 
arrangement. Annels (1967) mapped a 5 0 angular unconformity within this 
upper (foreign) part of the lava unit, which Fridleifsson confirmed and 
interpreted as separating the pre- and post- flexure lavas. The 
subsidence that created the flexure appears to have occurred shortly 
after the cessation of activity at the Geitafell centre (see 
sect.1.3.3). 
The lowest lavas of Basalt Lava Unit III are, on the other hand, 
believed to have been erupted from vents within the Geitafell centre. 
In Austurgjá, immediately above Rhyolite Unit II, some 8 relatively 
coarse grained lavas form an 80 m thick sequence with a dip of about 
10_120 NW; the unconformity occurs some 200-300 m above. The lavas are 
distinctively brown weathered which amongst other similarities (normal 
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magnetism, petrography) suggests correlation with intrusive phase 12 
(sect.1.3.3) and hence the Geitafell centre. These lavas are not found 
above every outcrop of the widespread Rhyolite Unit II. In Geitafell 
the rhyolite is directly overlain by a 20-30 m thick highly porphyritic 
reversely magnetized olivine-tholelite lava which may, on basis of 
phenocryst content, correlate with the partly contemporaneous intrusive 
phase 10 (sect.1.3.3). In Efstafell a similar lava outcrops immediately 
above Hyaloclastite Unit II, where the rhyolite unit is locally lacking. 
Timespan: Fridieifsson compared his magnetostrati graph ic profiles with 
the general geomagnetic polarity time-scale and a nearby profile from 
Torfason (1979) who conducted a regional research of the geology of 
SE-Iceland. The result suggests that Basalt Lava Unit II, Hyaloclastite 
Unit II and the base of Basalt Lava Unit III were extruded during the 
early Gilbert (fourth) magnetic epoch, i.e. early Pliocene. The whole 
stratigraphic succession' studied (Basalt Lava Units I-Ill with 
interbedded hyaloclastites and rhyolites) appears to have accumulated 
from the end of epoch 6 to the middle of the Gilbert-epoch (the Nunivak 
magnetic event), i.e. from ca. 6.0 m.y. to Ca. 4 m.y. ago. From this 
Fridlelfeson estimated the activity of the Geltafell central volcano to 
have spanned about 1 m.y., excluding the main part of Basalt Lava Unit 
III (foreign). The principal intrusive and high-grade hydrothermal 
activity' was estimated to have taken place over some 0.2-0.3 m.y. 
However, he pointed out that geomagnetic studies of altered rocks are 
unreliable and that absolute dating may or may not support these 
estimates. 
1.3.3. Intrusive phases 
Intrusive rocks in the Geitafell volcano include dykes and sheets, 
rarely over 2 m thick, together with larger intrusions of gabbro, 
granophyr-e and felsite. The dyke- and sheet swarms are predominantly 
basaltic / doleritic, although acid ones occur. The dykes and sheets 
are defined as dipping >600 and <600 respectively. 	The larger 
intrusions are shown on the simplified geological map (fig.1.4); 	for 
maps of the smaller intrusions (dykes and sheets) the reader is referred 
to Fridleifsson (1983). 
Fridleifsson established a chronological sequence for the intrusive 
rocks and described their petrography and distribution as well as 
apparent relationship to the extrusives and the structural evolution. 
Twelve intrusive phases were identified, conveniently referred to as IP 
1 to 12. 
On the stratigraphic column (fig.1.5) the chronological correlation of 
Intrusive phases, extrusive phases and tectonic events is indicated. 
The ncolumnu of intrusions simply indicates the timespan of each 
intrusive phase relative to the stratigraphic units. Each intrusive 
phase will be described briefly below, beginning with the oldest one. 
Intrusive phase 1: 	This intrusive phase saw the intrusion of dykes 
thought to have acted as 	feeder dykes to Basaltic Lava Units I and 
II, Rhyolite Unit I, Hyaloclastite Unit I and possibly to parts of 
Hyaloclastite Unit II. 	Intrusions belonging to this phase are mainly 
fine-grained basaltic dykes within Basalt Lava Units I and II, and a few 
acid intrusions within Rhyolite Unit I. The only available criterion to 
distinguish basaltic dykes of this phase from later ones is a 
cross-cutting relation with 	intrusive phase 5 which is highly 
characteristic and widely distributed. 	Basalt Lava Unit I, which the 
IPI-dykes often penetrate only partly, is cut by intrusive phase 2; 
therefore the general chronology is established although a cross-cutting 
between IP1 and 1P2 is lacking. 
Intrusive phase 2: The older gabbros, of which the Geitafell gabbro has 
been most extensively studied, were emplaced during intrusive phase 2. 
The NE margin of the Geitafell gabbro comprises an irregular zone of 
marginal finer-grained gabbro which ranges from feldsparphyric to 
aphyric ("doleritic gabbro"). Towards the north, a porphyritic 
fine-grained gabbro dyke extends from the main gabbro body across the 
ravine to Efstafell. Other contemporaneous gabbros are those of the 
Svmnafel I-area and unit C in Vidbordsfjall. The evidence of gabbro unit 
C being older than other units in Vldbordsfjall emerges from the fact 
that unit C is cut by intrusive phases 5 and 6 while the others are not. 
The gabbro In Stdra-DIma is (by the present author) tentatively 
allocated to the older gabbros (sect.1.4). 
Intrusive phase 2, which produced the partly feldeparphyric Geitafell 
gabbro, may have (via 1P3) provided the magma source for the 
feldsparphyric upper parts of }lyaloclastite II and the porphyritic lavas 
interbedded with Hyaloclastite II in JäkulfeIl (sect.1.3.2). 
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From the thickness of the stratigraphic units in the flank areas, where 
the succession is more regular than in the middle of the volcano, the 
emplacement depth of the early gabbros (which intrude the top of Lava 
Unit I and the base of Hyaloclastite Unit I) is estimated to have been 
Ca. 300-800 m below the former surface (early Hil formations). 
Intrusive phase 3: 	This phase involved emplacement of feldsparphyric 
dykes which are regarded as only slightly younger than the Geitafell 
gabbro and apparently related to the same intrusive episode; at least 
one seems to emanate from the Geitafell gabbro body. The phenocryst 
content suggests that these dykes may be feeders to the porphyritic 
rocks within Hyaloclastite Unit H. Whereas only about 20 dykes are 
found, they seem to construct the northeast quadrant of a radial dyke 
system, within which the strike is generally towards the NE. This dyke 
system appears to radiate from a centre in the Svinafell area (i.e. near 
a gabbro of 1P2 age) and has been tilted with the lava pile through some 
20-30 degrees. 
ye phase 4: Phase 4 gave rise to granophyric veins, net-veining 
the Geitafell gabbro, and sparse acid sheets found in the sheet swarm 
along the gabbro. 
Intrusive Phase 5: 	Phase 5 produced a doleritic cone-sheet swarm. 
Typically, the sheets are 0.5 - 0.7 m thick, but range upto 1.5 m. The 
dolerites are characteristically greyish green due to chioritic 
alteration and thus differ from the products of all other intrusive 
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phases except those of phase 7. They often contain gabbro xenoliths of 
varying size (commonly 5-10 cm across). 
The sheet swarm is widely distributed in the volcano, extending beyond 
the later caldera fault. Field evidence shows phase 5 to have been 
injected into fairly flat lying strata, which subsequently became 
tilted; there Is little difference between the dips of the sheets and 
the lävas. But due to the variable dip of the extrusives, which have 
been tilted both during the caldera collapse and the regional flexure, a 
correction for post-injectional tilting was not attempted. To ascertain 
the focal point of the cone-sheet swarm, Fridleifsson made a rough 
estimate of the pre-tilt strike. The effect was to move the focal point 
towards the middle of the volcano, towards the SvInafell area, from 
which the radial dyke swarm (of intrusive phase 3) emanated. Hence the 
two postulated centres, of 1P3 and 1P5, coincide. 
By using the apparent dip of sheets at 100 m altitude level at 2 km, 3 
km and 5 km distance from the focal point, Fridleifsson calculated the 
depth of the focus of the swarm to have been Ca. 1.5 km. This led him 
to assume a depth of maximum 2.5 km for the source region of intrusive 
phase 5, by adding the <1 km depth to the Geltafell gabbro (1P2) from 
the original surface derived earlier. 
Intrusive phase 6: A feldsparphyrlc dolerite sheet swarm was emplaced 
during intrusive phase 6. The phase 6 sheets are commonly thicker than 
those of phase 5, typically 0.7 - 1.0 m. 	Cross-cutting relations 
between phase 5 and 6 sheets are common (the latter being chilled 
33 
against the former). The time lapse, however, between the two phases 
was probably of short duration. Their distribution is very similar and 
the two cone sheet swarms have similar centres. There may be a 
progression with time from phase 5 to phase 6, as some sparsely 
feldsparphyric members of 5 are found. This possibly indicates magma 
evolution from a single source. Phase 6 shows much the same degree of 
alteration as phase S. 
Intrusive Phase 7: 	A dolerite dyke swarm was intruded in intrusive 
phase 7. The dykes are relatively scarce, mostly with a SW-NE trend. 
They are typically ca. 1.0 m thick and are sometimes feldsparphyric. 
Intrusive Phase 8: A swarm of fine-grained basaltic sheets represent 
this phase. The sheets are up to 1.0 m thick, are commonly sintlous and 
are most abundant in the hills below Efstafell. Their focus lies 
further to the north than that for the swarms of phases 3, 5 and 6. 
Intrusive Phase 9: Phase 9 saw the emplacement of a dyke swarm. As for 
the earlier dykes the trend is dominantly SW-NE and the dip (60-90 0 ) is 
to the SE. The dykes are often sinuous; while the phase 9 dykes are 
petrographically identical to the phase 8 sheets, they tend to be 
somewhat thicker. 
Intrusive Phase 10: A swarm of highly feldsparphyrlc dykes and sheets, 
along with the younger gabbros, was emplaced during intrusive phase 10. 
The gabbros comprise Units B, D and A in Vldbordsfjall, the relatively 
small gabbro intrusion in Kráksgil, and the gabbro In Litli-Hálmi (same 
as hlLltla_DIm&, see sect.1.4.1). The field criterion used to recognise 
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the younger gabbros is that they are only cut by the intrusions of IP11 
and 12, and the minor intrusions (sheets and dykes) of phase 10. (In 
contrast, the older gabbros are usually cut by the prolific and 
characteristic sheets of intrusive phases 5 and 6). 
The dykes and sheets of phase 10 range from doleritic to basaltic and 
commonly contain plagloclase phenocrysts up to 2 cm across. The size of 
the phenocrysts can be used as a field criterion to recognize phase 10, 
although there is a gradation to varieties with smaller phenocrysts. 
A local cone-sheet swarm of phase 10 age appears to surround the 
Vidbordsfjall gabbros. Elsewhere, dykes believed to be correlative with 
phase 10 have a northeasterly strike like all earlier dyke swarms. 
Intrusive phase 10 seems to have extended over a considerable length of 
time, towards the time of phase 12. 	In one locality phase 10 is 
observed to overlap intrusive phase 11. 	Hence phase 10 could be 
subdivided, but that is not considered necessary to establish the 
general picture; 	phases 10, 11 and 12 are petrographically very 
different and can easily be distinguished from one another. 	Densely 
porphyritic lavas at the base of Lava Unit III (sect.1.3.2), immediately 
above the rhyolite lava (of phase 11 age) in Geltafell and above the 
hyaloclastite (Hil) in Efstafell, were probably fed by phase 10 
intrusions. None of the earlier dykes and sheets have phenocryst 
content high enough to match that of these lavas. 
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Intrusive phases 10 and 11 are believed to have accompanied the caldera 
formation. Larger intrusions which belong to these phases are mainly 
found close to the caldera fault. 
Intrusive phase 11: 	Large felsitic intrusions, and rhyolite or 
pltchstone dykes and veins were emplaced during intrusive phase 11. The 
larger intrusions are located close to, but on either side of, the 
caldera fault. The acid dykes are commonly 1-2 m thick and range from 
porphyritic to aphyric; they normally show chilled margins. 
Occasionally the whole dyke is pitchstone. 
A close association is seen between Intrusive phases 10 and 11. Phase 
11 intrusions net-vein some of the phase 10 gabbros, e.g. in Kráksgil 
and Vidbordsfjall unit B. In Kráksgil and Lit]!-Flólmi the phase 10 
gabbros appear to grade into subordinate diorite and granophyre, 
indicative of phase 11. 
Rhyolite Unit II was probably fed by intrusive phase 11. 
Intrusive phase 12: 	Thick dolerite dykes were intruded in the 
culminating intrusive phase 12. Whereas earlier sheets and dykes are 
typically <1 m, most of these dykes are close to 2 macross (up to 6 m). 
They are often columnar jointed and are relatively fresh,.but develop 
characteristic brown weathering surfaces. These features, and the fact 
that they are commonly vesicular, makes them easily distinguishable from 
all earlier intrusions. Most of the dykes are normally magnetised. 
Locally, this last phase also produced brown dolerite sheet complexes. 
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The intrusions of this phase clearly postdate the high-grade alteration 
in the volcano. 
A distinction is made between dykes occurring northwest and southeast 
of a NE-SW line through the middle of the complex (sect.1.3.2, BI). 
This line extends from the northern end of the Vldbordsfjall gabbro 
across the middle of the Geitafell gabbro; an increase in the dip of 
the lavas Is seen northwest across this line, as a result of the 
flexure. The dip of the intrusive phase 12 dykes is also affected, 
suggesting that they are pre-flexural. Never-the-less Fridleifsson 
concluded that this magmatic episode occurred while the flexuring was 
taking place, on basis of evidence from the 8 brown lavas at the base of 
Basalt Lava Unit III which are presumably fed by intrusive phase 12. 
Both the lavas and their supposed feeder dykes are tilted, but less so 
than the preceeding rhyolite. This shows that the flexing was already 
taking place (affecting the rhyolite) when intrusive phase 12 began. 
Higher within Basalt Lava Unit III, some 200-300 m above these lowest 
lavas, a 50 unconformity occurs, as mentioned earlier (sect.1.3.2). 
Fridleifsson regarded this unconformity as the final effect of the 
flexure in this area and concluded that the extinction of the Geltafell 
central volcano, i.e. the end of intrusive phase 12, slightly predated 
the SE-Iceland flexure. 
Fridleifsson showed that some of the phase 12 dykes are arranged in a 
sinistral en echelon fashion. A sinistral pattern of a NE trending dyke 
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or swarm of dykes is in agreement with the present direction of 
spreading (sect.1.1.2.). 
Summary: Possible feeder- relationships between intrusive and extrusive 
units, and between different intrusive phases, is as follows: 	The 
gabbros of 1P2 (especially those of Geitafell and SvInafell) may have 
fed" the dykes of 1P3, which in turn may have fed the porphyritic rocks 
within FIJI. 	Intrusive phase 10 may have fed the highly porphyritic 
lavas at the base of Bill in Geitafeil and Efstafell; 	of the IP1O 
intrusions the dykes are the most likely candidates. The dykes of IP11 
probably fed the rhyolites of Ru. The dykes of IP12 probably fed the 
brown weathered lavas at the base of Bill in Austurgjá. 
1.3.4. Alteration 
Alteration is not the subject of the present study; severely altered 
rocks were avoided In sampling and secondary mineralisation of chosen 
samples only described briefly where relevent. The hydrothermal history 
of the Geitafell volcano was, however, the main subject of the study of 
Frldielfsson (1983) and the following Is a brief account of his 
observations. 
The hydrothermal history of the Geitafell volcano comprises a former low 
temperature system and a later high temperature system. The former 
involved the early deposition of layered mud deposits and botryoldal 
limonite in vesicles, oxidation of primary ore and palagonitisation of 
glass. It was also characterised by a slow progressive heating leading 
to the deposition of amorphous silica (opaline, jasper, chalcedony), 
replacement of glass by smectite and some chioritisatlon at deepest 
levels. 
The high temperature system was triggered by the emplacement of the 
older ("central") gabbros (1P2). Contact metamorphism produced an inner 
aureole of sanidinite facies hornfels (andesine, augite, ore by 
recrystallisation) and an outer aureole of skarn mineral assemblage 
(hedenbergite35 - andradite, partly via hematisation of early limonite) 
in the lava succession surrounding the gabbros. Outside the contact 
aureoles calcite was extensively formed within the host rocks, probably 
due to the boiling of a Ca-rich fluid. Its Ca- enrichment 
was the result of leaching from rocks within the aureoles, as shown by 
well-developed vesicle wall-rock replacement by chlorite - albite. The 
interaction of hot intrusives and hydrothermal fluid characterises the 
high-temperature system. 
Four distinct and crudely concentric alteration zones, confined to the 
propylitic core of the volcano, are defined by index minerals of 
increasing grade: chlorite, epidote, andradite and actinolite. 
Chlorite is the only replacement mineral in the marginal chlorite zone. 
In the epidote zone chlorite is joined by epidote, first as a vein 
mineral only (defining the upper epidote sub-zone) and then also as a 
rock-replacement mineral (which defines the lower epidote sub-zone). 
The upper sub-zone is additionally characterised by multiple generations 
of calcite and quartz and by local sulphide deposits (pyrite, 
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chalcopyrite), whereas the mineral assemblage of the lower sub-zone 
includes albite, K-feldspar, calcite, quartz, prehnite and wairakite. 
The andradite zone is defined by the appearance of andradite in 
amygdales, which is soon joined by actinolite, defining the innermost 
zone. In this zone actinolite and other greenschist facies minerals 
replace both the primary minerals and earlier secondary minerals in 
amygdales (chlorite and limonite). In the denser rocks the replacement 
is incomplete, but can be complete in the more porous rocks (e.g. 
scoria). The actinolite formation was apparently a direct continuation 
of intrusive phase 5 (cone sheets) and continued through the emplacement 
of the younger ("marginal") gabbros (IPlO). 
The younger gabbros gave a second thermal boost to the hydrothermal 
system, with the chief effect of maintaining the high-temperature 
activity and delaying the cooling process. Like the older gabbros their 
emplacement resulted in hornfels- and skarn contact aureoles and In even 
more extensive hydrothermal rock alteration due to their location near 
the highly permeable caldera fault region. The secondary minerals 
include albite-adularla in amygdales, garnet (locally) in amygdales and 
epidote-prehnite as rock-replacement. 
Subsequent flexuring of the volcano coincided and possibly induced (by 
fracturing) the cooling of the hydrothermal system, typified by the 
formation of thick calcite veins. The cooling sequence is denoted by 
prehnite and wairakite overtaken by laumontite and later by heulandite, 
accompanied by ubiquitous calcite and quartz. 
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The last intrusive phase in Geitafell (IP12 dykes) suffered only 
low-grade hydrothermal alteration, but it is more extensive in dykes 
found within the volcano than without, which implies that the local 
Geitafell hydrothermal system was not wholly extinct. 
Finally, a regional zeolitisation was superimposed upon all earlier 
formations in three discordant zones: (i) chabasite-thomsonite zone, 
(ii) analcime zone (both in Bill) and (iii) mesolite-scolecite zone 
(mainly in HII and below). 
1.4. Recent work In Geltafell 
1.4.1. Field work 
The current project involves presenting whole-rock analyses of the suite 
of rocks from Geitafell, supported by petrographic descriptions and 
mineral analyses. In the field, the aim was twofold: to collect 
samples that covered the whole range of compositions and to sample as 
many as possible of the various intrusive and extrusive units mapped by 
earlier authors. The first aim was acheived, the second only partly. 
Therefore, additional samples were choLsen from the PhD collection of 
Frldleifsson (curated at the University of Edinburgh). 
Samples collected by the present author are JT000 - JT285, samples from 
Fridlelfeson's collection are JT300 - JT343 (see Appendix I). 
Extensively altered rocks were avoided, both in the field and in 
choosing from the existing collection. 
W.T 
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Fig.1.7. A. Block of banded rhyolite (RID in Hoffelisdalur. 
Late doleritic dyke (1P12) in KraksgiL The dyke Is 
1.5 m thick with distinctive brown weathering surface. 
Sheet with flinty cleavage (IPS) cutting a porphyritic 
dyke (IF'i) in Kráksgil 
Low angle sheet (1P5) in Kraksgil, 0.5 - 1 m thick. 
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There proved to be too few samples from each of Frid]eifsson's intrusive 
phases for them to be presented as separate groups. Instead, the 
samples are grouped into minor and major intrusions as well as lavas; 
the fourth group is pyroclastic and mixed-magma rocks. The sampling of 
each group is described briefly below. For locations see the simplified 
map provided (fig.1.4.) and the panoramic photograph (fig.1.6.): for 
abbreviations see sections 1.3.2 and 1.3.3. 
Lavas. BI was sampled in Vidbordsfjall and in Hoffellsfjall, both above 
Hoffell-farm and in the mouth of Hoffelisdalur. BIl was sampled in 
Hoffellstmndur and in Hoffelisdalur, both just above HI and below Ru 
(Starholsgil). A few lavas were collected within the caldera, where the 
distinction between BI and Bil is difficult due to faulting. Bill 
(lowest part) was sampled In Niipar (Austurgjá), Bill-samples from 
Fridleifsson are from Geitafell and Efstafell. The extrusive parts of 
RI are not represented. Rh (extrusive) is represented by a boulder 
from Grasgiljaegg (see below) and a couple of Frldleifsson's samples 
from Jäkulfell. Fig. 1.7.A shows a block of banded rhyolite (C. 0.5 x 
1.0 x 1.0 m) derived from RII in Hoffelisdalur. The visible banding is 
on a centimetre scale (see a wristwatch, centrally). 
Although lavas of basic, intermediate and acid composition were found it 
is worth remarking that there is a large compositional gap between the 
latter two. The intermediate lavas are from BII and from within the 
caldera. 
The three Basalt Lava Units are treated as one in this thesis, except 
where stated otherwise. 
Minor intrusions are defined as sheets and dykes up to 2 m across, which 
occur in various host-rocks all over the field area. Although the 
distinction is arbitrarily set at an angle of 60° most intrusions 
clearly belong to one group rather than the other, the sheets cutting 
the strata at low angles (<45 0 , fig.1.7.D) while the dykes approach the 
vertical (90 0 , fig1.7.B). The petrography and geochemistry of the two 
is entirely comparable. Most of the samples are from sheets, which are 
prolific. Added from the existing collection were samples from all the 
relevant intrusive phases except 7 and 8 (no suitable samples found). 
The basic minor intrusions were mostly emplaced during. intrusive phases 
3, 5, 6, 7, 8 and 9. Some are identified as such, either having been 
taken from type localities in the field (fig.1.7.C) or because they were 
chosen from Fridleifsson's collection. Always identified as such are 
the minor intrusions of IP1O, and the dykes of 1P12. 
The intermediate minor Intrusions were emplaced during intrusive phases 
1, 4 and 11 and most are Identified as such. The compositions of the 
rocks in this group cover the whole spectrum between basic and rhyolitic 
(in contrast to the compositions of Intermediate lavas). 
The few acid minor intrusions are identified as belonging to intrusive 
phases 1 and 11. 
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Major intrusions are defined as intrusions whose outcrops are large 
enough to be mapped as such. The size of the outcrops varies roughly 
from 0.05 km (IPII Grasgiljaegg) to about 2.5 km (Gabbro-D 
Vidbordsfjall); the actual dimensions of the major intrusions are not 
known with any certainty. They belong to intrusive phases 2, 10 and 11, 
but the latter two also produced minor intrusions (dykes and sheets), 
which were referred to earlier. 
The basic (major) intrusions are predominantly gabbroic. Their internal 
structure is little known and in spite of the strictly mineralogical 
meaning they are conveniently referred to as "the gabbros", whereas the 
minor intrusions (commonly doleritic) are referred to according to their 
intrusive form: sheets and dykes. The gabbros are themselves probably 
sheet-like in form, with thickness measurable in metres of tens of 
metres, so that they had extended crystallization times. 
As said in section 1.3.3 the gabbros belong to two distinct intrusive 
phases, 1P2 and IP1O, and the field criterion used to recognize the 
older and younger gabbros is a cross-cutting relationship with the 
sheets and dykes of the intervening intrusive phases (1P3-9, ±IP1O). 
When sampling for this study, however, earlier mapping was mainly relied 
upon to Identify the gabbros. 
The older gabbros are those of Geltafell, SvInafell and Unit C in 
Vidbordsfjall. Each was sampled by the present author and from the 
existing collection a few additional ones were cho.sen. 
Stdra DIma is a gabbro outcrop in the sandur plain just north of 
Vidborsf jai l. It was not studied by Frldleifsson, but a short survey 
has led to the (tentative) conclusion that it belongs to the older 
gabbros. A few basaltic sheets were found (JT198 - JT201D) cutting the 
gabbro, most of which are fine grained and only sparsely porphyritic. 
It is therefore unlikely that they were emplaced during the highly 
porphyritic intrusive phase 10, which cuts the younger gabbros. 
Intrusive phases 11 and 12 can be excluded (acid sheets and doleritic 
dykes), which leaves intrusive phases 5, 6 and B. Only the older 
gabbros can be cut by these; the younger gabbros were emplaced later. 
The younger gabbros are Units A, B and D in Vidbordsfjall, sampled by 
the present author, and the relatively small gabbro units of Kráksgil 
and Litli-Hólmi. The Litli-Hólmi gabbro is the same as the Litla-DIma 
gabbro referred to by Frldleifsson on the basis of an error in an older 
topographic map (pers.comm. Gisli Slgurbergsson). The Kráksgil gabbro 
Is found at a higher stratigraphic level than the nearby Geltafell 
gabbro, and closer to the caldera margin as many of the later Intrusions 
(IP10, IP11). The Kráksgil- and Litli-Hólmi gabbros were not sampled by 
the present author and unfortunately Fridleifsson's collection did not 
include suitable samples from these. 
Leucocratic rocks occur in minor amounts within the larger basic 
intrusions. They are presumably in situ derivatives of the gabbros, the 
change being gradational. They are of two kinds, enriched in feldspar 
and silica, respectively, compared to the typical gabbros. One of the 
feldspar- enriched rocks is a gabbroxenolith (8 cm), which was found in 
a basic sheet some 1.7 km away from and 150 m above the Geitafell gabbro 
margin. The sheet is one of many emplaced during Intrusive phase 5; 
they frequently cut the Geitafell gabbro and the xenolith is probably 
derived from it. All the other the feldspar- enriched samples, however, 
were collected within the gabbro outcrops. 
Silica- enriched facies were found in Vidbordsfjall (in gabbro unit D), 
at the Geitafell gabbro margin and in Kráksgil. They are generally 
scarce within the gabbros, but in Kráksgil dioritic blocks (up to 2 x 3 
m) are common. These loose blocks are derived from the Kráksgil gabbro 
intrusion (Fridleifsson, 1983) lying at the upper end of this (ill-
accessible) gully. The blocks are not petrographically Identical. 
However, they are similar enough, and different enough from other rocks 
in Kráksgil, to be definitely all samples of the same intrusion. 
The acid maior intrusions were all emplaced during intrusive phase 11, 
which probably fed the late voluminous rhyolites, Ru. (Intrusive phase 
4, which saw the emplacement of sparse acid sheets and veins, can be 
excluded both on grounds of volume and cross-cutting relations). 
The proximity and geochemical similarity of intrusive phase 11 and the 
extrusive rhyolite unit II makes distinction between them sometimes 
difficult. For instance, in Grasglljaegg (see map) there are 
considerable outcrops of IP11 and In a higher cliff nearby the rhyolitic 
lavas of P11 are evident. It was postulated by Fridleifsson (1983) that 
a sizeable rhyolitic edifice (see stratigraphic profile beneath map) 
once connected these various acid outcrops. The Pil-lavas represent 
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relics of the extrusive flanks (preserved by later basaltic lavas of 
Bill), while the IP11-outcrops represent the intrusive roots, now 
uncovered by erosion. 
One of these outcrops (in Grasglljaegg) was sampled by the present 
author and found to consist exclusively of acid boulders (5-50 cm) of 
various texture and alteration. Probably the boulders are both of 
extrusive and intrusive material, but since they represent the same 
geochemical event (contemporaneous IP11 + Rh), the distinction is, for 
the present purpose, unnecessary. For convenience, the 12 samples from 
this location (JTII3A ... JT12OB) are allocated to IP1I, with the 
exception of a particularly glassy and fresh rhyolite (JT112) which is 
considered extrusive and allocated to P11 (see above). 
Apart from Grasgiljaegg, samples from the acid intrusion in Graenafell 
and the acid/intermediate intrusion near Sudurfljót (Vidbordsfjall) were 
collected. Additionally, a sample from the acid intrusion in Tungufell 
(Hoffellsfjall) was chosen from Fridleifeson's collection. 
Pvroclastic and mixed maoma rocks. There are a few extrusive(?) units 
Interbedded with the lavas (mostly BI) which are of very different 
origin and could be termed ignimbrites. However, the possibility that 
some are low angle sheets is not excluded. In every case there is an 
acid layer accompanied by one or more pyroclastic layers in which the 
mixing of basic and acid magmas is indicated. These rocks deserve 
thorough study, including probe analyses of their various components and 
detailed field measurements. Since those are lacking, only brief 
qq 
descriptions are given in section 3.5 and no deductions made about 
whether they represent air-fall tuffs or pyroclastic flows. Their 
outcrops are incidentally relatively close to the caldera margin (the 
result of a later tectonic event). 
Apart from the relatively small units mentioned above, there are two 
voluminous pyroclastic units at Geitafell, conveniently referred to as 
Flyaloclastite units I and II (sect.1.3.2), which divide the Geltafell 
strata on a large scale. 	They are generally very altered and easily 
recognised in the field on colour basis alone: 	they are green from 
chloritisation. 	A few samples were collected and one of these is 
described briefly in chapter 2. 	Otherwise, these units are not 
considered the subject of the present study; they are too altered to 
shed any light on the geochemistry of the Geitafell suite. 
1.4.2. Classification 
The nomenclature adopted for this tholeiltic suite of rocks is basalt 
(<52.5% S102), basaltic andesite (52.5 - 56.5% Si0 2 ), icelandite (56.5 - 
63.0% S102), dacite (63.0 - 69.5% S102) and rhyolite 069.0% Si0 2 ). 
Frequently the term intermediate is used to refer collectively to rocks 
of dacite-, icelandite- and basaltic andesite compositions. 
The basic intrusive rocks are coarse grained and are aptly termed 
gabbros; rare gabbro samples with large felsic interstitial areas which 
affect the overall chemistry of the rock (e.g. JT279) are described as 
dioritic gabbros. The evolved intrusive rocks are usually finer grained 
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and are termed (micro)diorites (52.5 - 63.0% Si02), 	(micro)- 
quartz-diorites (63.0 - 69.5% Si02) and micro-granites 069% SW2) or 
simply described as intermediate (52.5 - 69.5% Si02) and acid 069.5% 
Si02 ) intrusive rocks. 
CHAPTER 2 PETROGRAPHY 
2.1. Introduction 
For rocks of por-phyritic texture phenocrysts are, in the present study, 
defined as being >0.5 mm in size whereas the term microphenocryst is 
used to describe crystals which are <0.5 mm but still distinctly larger 
than the crystals of the surrounding groundmass. The groundmass is 
described as fine- (<0.1 mm), medium- (0.1 - 0.3 mm) or coarse grained 
(>0.3 mm). 
The fact that phenocrysts are nearly ubiquitous in lavas demonstrates 
the rareness of superheated magmas (Cox et.al., 1979). It is therefore 
probable that some of the crystals in a coarse grained slow cooled rock 
actually were in equilibrium with the liquid before the main 
crystallisation stage began and hence are phenocrysts (uprimocrystshl). 
In the present study the bimodality of any single phase, i.e. an earlier 
generation of larger crystals and a later generation of smaller ones, is 
taken to indicate such circumstances for the coarser grained rocks. In 
the following, secondary mineralisation will only be described briefly. 
2.2. Lavas 
2.2.1. Phenocrysts 
Plagioclase Phenocrysts are nearly ubiquitous and occur in all but three 
samples (JT161,3T219,JT334) of the 60 lavas studied. 	They often 
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constitute less than 1% modally and rarely exceed 5%. When rocks are 
very sparsely porphyritic a single thin-section is not representative of 
the mode and this probably explains the three exceptions. 
As for changes in phenocryst content with time it is true that the most 
porphyritic lavas are found in the younger lava units (see chapter 1), 
i.e. a 12% porphyritic lava (JT168D) in Basalt lava unit II and two 
relatively highly porphyritic (30-45%) lavas in Basalt lava unit III. 
But lavas with 2-8% plagioclase phenocrysts are present (if scarce) 
throughout the whole sequence, no correlation with time is seen. Lavas 
with 1% phenocrysts or less are most common. 
The size of the plagioclase phenocrysts commonly ranges from 0.3 - 1.0 
mm (including microphenocrysts), although crystals of up to 5 mm occur 
and one of the highly porphyritic lavas (JT333) has a generation of 
plagioclase phenocrysts ranging from 5 to 10 mm in size. There is a 
broad correlation between phenocryst size and abundance. 
The shape of the plagioclase phenocrysts is very varied. In the basic 
lavas they can occur as single unzoned euhedral crystals 
(JT229,JT231,JT252 ) or as many small strongly zoned crystals in clusters 
together with subordinate pyroxenes (JT141 ,JT184,JT189). 
Strikingly different are large sieve-textured crystals in some of which 
melting (resorption) of the core has been extensive. These are commonly 
surrounded by a narrow rim of plagioclase which is either sub- to 
euhedral (PLATE 2-0) indicating subsequent equilibrium, or jagged 
(JT168D) which indicates further disequilibrium. They can occur in any 
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of the more porphyritic rocks (JT184,JTI68D,JT333) but are most 
prominent in one of the highly porphyritic lavas (JT328) where up to 50% 
of a single crystal have gone, leaving an embayed skeleton (PLATE 2-F). 
These must be higher pressure phenocrysts which have been carried a long 
way from their original environment. Possibly they were carried within 
the magma by gravitational difference to higher levels (lower pressure). 
Most of these lavas have the geochemical imprint of rocks enriched in 
plagioclase (see chapter 4), especially lava JT333 which is 45% 
plagioclase porphyritic (Appendix II). 
These phenocrysts are always accompanied by others that are stable and 
show no signs of melting. Such phenocrysts are not necessarily smaller, 
although they are probably of a later generation. In sample JT328 
(above) they show conspicuous oscillatory zoning, outlining consecutive 
euhedral cores followed by plain subhedral rims (PLATE 2-H). 
Carlsbad- and albite twinning, or a combination thereof, is common in 
the plagioclase phenocrysts but more conspicuous in the larger ones. 
Microcline- and pericline twinning is absent. 
In the intermediate lavas the plagioclase phenocrysts are euhedral 
(PLATE 1-E), free from oscillatory zoning and fresh; high-pressure 
phenocrysts are absent. 
In the rhyolites the effect of slight resorption is shown by rounded 
corners and occasional indented crystals (JT340), but otherwise the 
phenocrysts are euhedral and fresh (3T112,JT340,JT341) with more complex 
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albite twinning than in the basalts. Rare examples of strong zoning are 
present (JT341) producing a well defined core and mantle; there are 
also rare examples of slight internal melting (JT341). 
Pvroxene phenocrysts are present only where plagioclase phenocrysts 
amount to 3% or more. One of the highly porphyritic lavas (JT328) has 
about 5% pyroxene phenocrysts which reach 3 mm in size. But elsewhere 
they never reach 1% and rarely 1.5 mm. They are always smaller than 
their feldspar counterparts and are often found In conjunction with 
them, creating glomeroporphyritic texture (PLATE 2-D). 
An exception from this rule, though, is shown by a thin-section of 1% 
porphyritic intermediate lava (JT236), where a single pyroxene 
phenocryst occurs which is larger (0.6 mm) than the plagioclase (0.4 
mm). It is sub-euhedral, cracked with signs of melting and is probably 
a xenocryst. 
In the basic lavas pyroxene phenocrysts are usually fresh; 	they are 
subhedral, often twinned, with narrow euhedral rims around the larger 
ones (in Bill). In the rhyolites, small pyroxene microphenocrysts (0.1 
nun) are untwinned euhedral and pristine, whereas larger pyroxene 
phenocrysts (0.5 nun) (PLATE 2-B) are broken and partially hematised. 
Olivine Phenocryst2 are only found in very few of the lavas studied and 
mainly in the lavas of Basalt lava unit III (youngest). Sample JT328 
(above) has about 2% olivine phenocrysts ranging from 0.3 - 2 mm, but 
they are still subordinate to the other phases (pl+px). 	The same 
55 
applies to JT329 where microphenocrysts of olivine are present. In two 
other lavas (JT184,JT333) there are sparse olivine pseudomorphs (up to 
1.5 mm). All these rocks are relatively porphyritic 05%). 
Nagnetite is a microphenocryst in the more evolved rocks 
(e.g.JT112,JT225) where it often occurs next to pyroxene in small 
glomerocrysts, with some of the magnetite included within the pyroxene. 
It is always euhedral and equant. The amounts of magnetite and pyroxene 
are often roughly equal, but typically <1% in a 4% porphyritic rock. 
Quartz phenocrysts, expected in the rhyolites which have silica-content 
of 71-75%, are surprisingly absent. Quartz is only occasionally found 
as very small crystals In the glass. It seems that the glass is able to 
contain the Si02 -component without crystallising any significant 
amount. In a holocrystalline rhyolite (JT341) quartz crystal aggregates 
upto 0.5 mm across are seen in the fine felsic intergrowth, but it is 
concluded that they grew early during the quenching stage and should not 
be regarded as phenocrysts. 
Biotite, a single phenocryst of 0.4 mm, was observed in one thin-section 
of the rhyolites (JT340) (PLATE 2-A), next to a small feldspar 
phenocryst. It Is euhedral, fresh and contains opaque oxide inclusions. 
2.2.2. Grounthass 
The aroundmass of the basic lavas varies from fine- to medium-grained 
(<0.1 - 0.3 mm) (PLATE 1-A,B,C,F) and consists usually of plagioclase, 
pyroxene and magnetite in roughly equal proportions. The texture is 
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commonly granular, with pyroxene being the last phase to crystallise in 
a fine aggregate of rounded grains, giving a holocrystalline appearance. 
Ophitic or subophitic texture (PLATE 1-F) is more common in the 
medium-grained lavas (JT170,JT254), with pyroxene crystals enveloping 
plagioclase. Such pyroxenes sometimes show hour-glass zoning (JT184). 
Euhedral olivine is a subordinate groundmass constituent in one (JT254) 
of the younger lavas (Bill) but is absent elsewhere. Interstitial areas, 
when detectable, are either glassy or altered to chlorite. Accessory 
phases, if any, are too fine to be detected except in one very fresh 
doleritic lava (JT254) which has abundant apatite needles in 
interstitial glass (PLATE 2-E). 
In one of the finer-grained basic lavas (JT157A), groundmass feldspars 
have parallel orientation and are concentrated in bands across the rock 
which give the hand-specimen a lamellar appearance, common in saturated 
to oversaturated tholei.ites but absent in olivine- tholeiites. 
In one otherwise typical lava (JT160), the groundmass is found to have 
crystallised in two stages. The coarser (earlier) fraction consists of 
about 50% euhedral magnetite and 50% plagioclase + pyroxene in 
subophitic texture. The finer fraction (final stage of crystallisation) 
comprises about 40% plagioclase, 50% pyroxene and only 10% magnetite 
which in this case is anhedral (interstitial). A similar sequence is 
seen in sample JT328, with granular augite being the last phase to 
crystallise interstitially. 
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The aroundiass of the intermediate lavas is glassy to very fine-grained 
(<0.1 mm) and shows the parallel orientation of tabular feldspar 
creating fluidal texture (PLATE 1-D,E). Euhedral magnetite amounts to 
20-30%. Very fine-grained granular pyroxene is present, but to a lesser 
extent than an interstitial glass. One of the intermediate lavas 
(JT225) is cut by a very fine (0.1 mm) glassy (?basaltic) vein. 
The arounchriass of the rhvolites is of two kinds. One is glass (JT112, 
JT340), either fresh with perlitic cracks (PLATE 2-A) or showing 
Incipient devitrification spreading from the phenocrysts (PLATE 2-G), 
giving spherulitic texture. The other is crystalline (JT341), showing a 
fine intergrowth of felsic minerals where quartz can be detected, but no 
granophyric texture is seen. 	Accessory phases include zircon and 
apatite. 	Semi-parallel flow folding, typical of more viscous magmas, 
can be seen (PLATE 2-0. 
2.3. Minor intrusions 
Sheets and dykes are collectively referred to as minor intrusions; 
their occurrence was described in section 1.4.1. A brief description of 
the petrography (and occurrence) of each dyke- and sheet-swarm was given 
in section 1.3.3. 
2.3.1. Basic 
The general picture given by the basic lavas (sect.2.2) is true for the 
minor basic intrusions, although their grain-size is more variable 
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(PLATE 3-A). 	These are frequently dolerites of intergranular or 
sub-ophitic texture with varying amounts of feldspar pheno- or 
microphenocrysts; other phenocrysts are much subordinate to the 
feldspar, if present at all. 
Their degree of alteration is more varied, i.e. often greater, than that 
of the lavas. The relatively fresh ones were sampled preferably and 
chosen for analysis, although care was taken to cover the whole range 
of intrusive phases. Secondary mineralisation, if any, is not described 
fully (see section 2.6). 
Plapioclase Phenocrysts are nearly ubiquitous, found in all but a few 
(e.g.JT047,JT053,JT085) of 124 samples. Their size correlates roughly 
with their abundance and to some extent with the grain-size of the 
groundmass. Two-thirds of the samples are less porpyritic, i.e. with 
<5% phenocrysts modally, and have phenocryst size ranging from <0.5 mm 
for microphenocrysts in near-glassy rocks (JT005) to 1.5 mm in fine-
(JT023) or even medium-grained (JT197) rocks. 
Only one-third of the samples are more porphyritic 05% modally) and 
these rarely have more than 30% phenocrysts. They are never glassy and 
medium-grained (e.g.JT002) groundmasses are more common than in the 
former group. With one exception the phenocrysts are commonly 1-3 mm, 
ranging up to 8 mm (JT265B). The exception is provided by a certain 
late intrusive phase (IP1O, 5 samples) which is highly porphyritic 
(40-45%) with feldspar phenocrysts ranging from 2-5 mm and easily 
reaching 8-12 mm (20 mm reported by Fridleifsson, 1983). 
5c? 
Some dykes (IP3-JT265) and sheets (JTOO1) have an uneven distribution of 
phenocr'ysts, usually with a zone of high phenocryst concentration near 
the center. A sample from a highly porphyritic zone (JT265B) has 47% 
plagioclase phenocrysts reaching 8 mm in size, while a sample from the 
complementary phenocryst-poor zones (JT265A) has 15% plagioclase of 
maximum 1 mm. Geochemically these samples are very similar (App.IV), 
which shows that the two zones grew from the same pulse of magma. 
The shape of the plagioclase phenocrysts in general is sub- to euhedral 
(JT021), with sub- to anhedral rims (JT094) which grew during the 
quenching stage. Carlsbad- and albite twinning (JT094) is common; 
oscillatory zoning is present but rarely conspicuous. Signs of internal 
melting are more difficult to detect than in the lavas due to more 
widespread sericitisation of the phenocrysts. 
Although slight melting seems to be fairly common (JT027), it is only 
severe in two samples of the highly porphyritic late intrusive phase 
(IP10). They both have two types of plagioclase phenocrysts: larger 
ones which show no signs of melting and smaller ones which are in 
disequilibrium with their environment. The former have fresh euhedral 
cores and anhedral rims, whereas the latter have internally melted cores 
with or without rims. 
In one of the two samples (JT332, Efstafell-Grasgiljatindur) the melting 
was severe enough to give embayed cores but followed by an overgrowth of 
euhedral rims. This suggests that the melting took place early, since 
the phenocrysts had time to readjust (grow rims) before the magma 
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reached the solidus. 	In the other sample (JT339, Vidbordsfjall) the 
disequilibrium phenocrysts do not have overgrowth rims, which suggests 
that the internal melting continued into the quenching stage. Both 
these samples have about 40% phenocryst content. 
The former sample was collected 200 m below a highly porphyritic lava 
(JT333) which also has severely melted high-pressure phenocrysts 
(sect.2.2) and was probably fed by this intrusion. In the lava, 
however, the melted phenocrysts do not have overgrowth rims which is in 
accordance with the more abrupt quenching of an extrusive. 
A third sample (JT342, Jäkulfell) of this late intrusive phase (IP10) 
has the highest phenocryst content (55%) of all samples of lavas, sheets 
and dykes that were collected. 	It is also the only one to have the 
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geochemical imprint of aplagioclase- enriched rock (App.IV). 
In this sample the plagiQclase phenocrysts (0.4 - 11 mm) are sub- to 
euhedral and largely homogeneous although faint oscillatory zoning can be 
detected in some. They have very narrow rims of zoning (presumably more 
sodic) and some show slight to moderate melting. Primary minerals in 
the groundmass are pyroxene (two generations) and plagioclase in 
subophitic texture and small euhedral opaque oxides. Chlorite is 
abundant in the matrix. 
(It is interesting that the melting (resorption) of plagloclase 
phenocrysts should not be most severe in this sample, but in the other 
as 	 Iere 
two (above) which do not appear to have undergone plagioclase 
enrichment.) 
Pvroxene is (with one possible exception) the only other significant 
phenocryst phase. It is always subordinate to the plagioclase and most 
often found in glomerocrysts with feldspar (JT309,JT319,JT123) although 
aggregates of a few pyroxene (+ magnetite) microphenocrysts can be found 
(JT215C). They are anhedral (sometimes twinned) when found in 
glomerocrysts, subhedral otherwise. 
Their alteration is independent of that of the plagioclase phenocrysts: 
they are often fresh, even in rocks in which the plagioclase is totally 
pseudomorphed by epidote, calcite and quartz, e.g. in JT215C, but they 
can be totally chloritised in rocks with very fresh feldspar (JT123). 
Their abundance is dependent on the phenocryst content of the rock and 
is typically 1% in a 31% pl-porphyritic rock (JT273). Exceptions are 
found in less porphyritic rocks where the abundance and size of 
(micro)phenocrysts of plagioclase and pyroxene is roughly similar 
(JT309). Usually they are a lot smaller than the present plagioclase 
and rarely reach 1 mm In size (JT273). 
A single olivine Pseudomor ph , (2 nun) is found in an otherwise typical 
sheet in Geitafelisgil (JTOO1A). It is totally chloritised and is 
probably a xenocryst, being otherwise the only example of a relict 
olivine phenocryst in this group of rocks (minor intrusions). 
The groundmass of the basic minor intrusions is of the same mineralogy 
but of more varied grain-size than that of the lavas. The phases -are 
opaque oxide, plagioclase, pyroxene + apatite (+ quartz) and glass, 
seemingly in that order of crystallization (PLATE 3-B). Even in near 
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glassy sheets where microlites of plagioclase and pyroxene can hardly be 
distinguished under the microscope, evenly dispersed opaque oxide is 
obvious. 
Opaque oxide is of equant rather than elongate (exc.JT099) habit 
suggesting that it is magnetite rather than ilmenite, and it is often 
skeletal in the coarser grained rocks (JT197,JT209). 	It is rarely 
anhedral (JT028). 	Sometimes a second generation of quenched opaque 
oxide can be seen (JT143,JT146,JT151) as very small 'rodlike" skeletal 
minerals in the final interstices. 
Fine-grained intrusions frequently have granular pyroxene with highly 
zoned rims of feldspar and altered glass (chlorite, clay) filling the 
interstices, although subophitic texture is also common with less 
conspicuous zoning of feldspar and prolonged crystallization of 
pyroxene. Flow structure is rare (JT309), even in the near glassy rocks 
(JTOO5). 
In the medium-grained intrusions subophitic texture dominates with 
examples of truly ophitic (JT209) (PLATE 4-A) and even poikilitic upto 
4 mm) pyroxene (JT313). Brown Interstitial glass (PLATE 4-0 is 
characteristic for the late doleritic dykes (1P12). 
Quartz can be found as a late groundmass constituent (JT002,JT029,JT049) 
but often in altered rocks (JT198A,JT200) which makes it difficult to 
assess whether or not it is a secondary (hydrothermal) mineral. 
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One of the medium-grained basic sheets (JT028) which cuts Basalt lava 
unit I in Svinafel I is in turn cut by a microgranit.ic vein (JT028A), 
which carries a remelted xenolith. Each of these three lithologies will 
be described below. 
The dolerite sheet has 11% plagioclase phenocrysts (<4 mm) which are 
fresh and free from any signs of melting, while the pyroxenes of the 
intergranular groundmass (0.1-0.2 mm) have a fine conspicuous hatching 
which is presumably created by the exsolution of rutile or ilmenite 
(sagenitic texture). Sparse pyroxene phenocrysts (<1 mm) show this 
phenomenon on their edges only. The rest of the grounc±nass comprises 
fresh, zoned feldspar and anhedral opaque oxide (rarely seen in other 
sheets). 
The vein (10 mm) (PLATE 3-C,D) is unchilled against the sheet and 
somewhat branched, but it is apparent from its straight semi-parallel 
sides that the sheet was solid (if hot) when this second injection of 
more ievolved (rhyolitic) magma took place. Hence magma-mixing is not 
inferred. The vein contains euhedral plagioclase (about 40%), 
equigranular quartz (about 30%, no intergrowth), anhedral opaque oxide 
and fresh biotite as well as chloritised biotite pseudomorphs. This is 
the only occurrence of biotite as a significant phase in the whole 
Geitafell suite. Accessory needles of apatite and minute crystals of 
high relief (rutile or baddeleyite?) are present. 
The xenolith (3x9 mm) has undergone ductile deformation which shows that 
the magma was sufficiently superheated to begin to remelt this small 
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fragment of basic rock. The magma did not have the same effect on its 
basic host (the dolerite sheet); there are no signs of remelting at 
their contact. The xenolith has a few plagioclase phenocrysts. It is 
fine-grained, comprising subhedral pyroxene and magnetite (slightly 
hematised) embedded in intergranular feldspar and quartz, with scarce 
biotite mainly towards the' edges. It appears that recrystallization of 
a basic rock has taken place and the resulting rock is a hornfels. 
Another unusual basic rock is a porphyritic sheet (JT046) found in 
Vidbordsfjall. It has 10% plagioclase phenocrysts (<2.5 mm) as well as 
5% mafic phenocrysts (<1.5 mm) now totally altered (chlorite, clay , 
epidote) with aggregates of secondary opaque oxide delineating cracks. 
These pseudomorphs appear to be after two phases rather than one: 
olivine and pyroxene. The former is recognised by characteristic shape 
(section parallel to (100)) and irregular (rounded) fractures (PLATE 
4-H); 	the latter by skewed rectangular shape (section parallel to 
(010)) and straight fractures. 	In places the assemblage of secondary 
minerals accentuates specific structural planes at right angles within 
the ghost-pyroxene (PLATE 4-F), giving apparent chevron structure. This 
may indicate an exeolution texture involving 	x'so1L1tiofl of augite I 
"ame11a parallel, to (001), 
2.3.2. IntermedIate 
In 	the 	intermediate minor 	intrusions, 	sparse 	Plagioclase 
(micro)phenocrysts rarely constitute more than 8% modally, their size is 
often <0.5 mm, the maximum is 2 mm (JT024). 
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Both plagioclase phenocrysts and matrix plagioclases are sub- to 
euhedral. Grain size varies from near glassy (JT133) to medium-grained 
(0.3 mm, JT136). In finer-grained rocks matrix feldspar displays flow 
structure (JT323) or occurs in sheaf - like aggregates indicative of 
quenching (JT024) (PLATE 4-B). 
The pyroxenes vary from rare euhedral (JT136) to anhedral (JT007), and 
although size ranges from 0.05 - 1 mm, they are apparently confined to 
the groundmass. No phenocryst was identified with certainty, albeit 
sparse microphenocrysts may be present (early groundmass fraction?). 
Smaller pyroxenes are often turbid (JTOO7), whereas larger ones are 
often twinned and sometimes show fine chevron exolution lamellae on 
either side of the twin plane (JTOO7) representative of augite-pigeonite 
exsolut ion. 
Anhedral quartz crystals (up to 0.5 mm) are a common matrix constituent 
(PLATE 4-B), sometimes displaying granophyric intergrowth (qz+alkfsp) in 
the most siliceous rocks (JT142). Myrmekitic texture (qz+pl) is 
frequently found on the edges of zoned plagioclases (3T136). 
Other chases are ubiquitous opaque oxide, sometimes occurring as sparse 
microphenocrysts (square (JT192) or subhedral (JT323)); near ubiquitous 
chlorite (deuteric or secondary?), common apatite and epidote, 
occasional zircon (JT192) and rare green pieochroic amphibole (<3 mm, 
JT317) which is probably a pseudomorph after pyroxene. A single 
chlorite + quartz pseudomorph after a highly resorbed xenocryst (1 mm) 
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may be an olivine psuedomorph on account of its shape and a 
characteristic lining of secondary opaque oxide granules (JT024). 
Two samples, originally thought to represent exclusively basic intrusive 
phases (1P5 and 12) proved to be of intermediate composition. The first 
(JT318) is from a nearly glassy sheet with abundant crystalline opaque 
oxide and anhedral quartz. It is petrographically different from all 
other 1P5-sheets and it is concluded that it does not belong to this 
intrusive phase. 
The second (JT248) is a sample from a large brown doleritic dyke (mouth 
of Hoffelisdalur valley) which was definitely emplaced during the last 
intrusive phase in Geitafell (1P12); It has all the relevant field 
characteristics. 
Its mineral assemblage is similar to that of other 1P12-dykes 
(pl+px+FeTiox+glass), apart from modal olivine found as sparse 
microphenocrysts. Texturally this dyke differs from the others in not 
being subophitic; the pyroxenes seem to be fast-grown (with "swallow 
tails" suggesting quenching). 	The dyke is vesicular and the vesicles 
are filled with (?)smectite (PLATE 4-E). 	Congealed glass frequently 
lines the vesic2les; 	It Is probably rhyolitic or rhyodacitic in 
composition and contains microlites of feldspar, clinopyroxene and 
haematite. Similar glass, segregated Into the vesicle cavities of a 
solidifying lava, has been described from Reunion (Upton and Wadsworth, 
1971). The conclusion must be that the 1P12 dykes span a wider spectrum 
of compositions than assumed by earlier authors. 
2.3.3. Acid 
The texture and grain-size of the acid minor intrusions vary from 
hyalo-porphyritic (19%, (2.5 mm), through very fine-grained with fewer 
phenocrysts, to a coarse-grained one (0.5 - 1 mm) in which no 
phenocrysts can be identified. 
The plapiocipse Phenocrysts are anhedral as a result of marginal 
resorption in the glassy rock (JT267B), but euhedral in a fine-grained 
one (JT320). In the latter, occasional I rarer twinning, i.e. a 
combination of albite and pericline twinning, is present as well as the 
common Carlsbad-albite type. 
In the glassy rock (JT267B) Pyroxene Phenocrysti occur in glomerocrysts 
with plagioclase (px 5ize,5 mm) and as clusters of smaller 
microphenocrysts, which are both augites and orthopyroxenes (see section 
3.2.2). The combined content of pyroxene is less than 1 per cent. In 
one of the fine grained rocks (JT079) no pyroxene remains, although 
there are sparse anhedral pseudomorphs possibly after pyroxene. 
Magnetite microphenocrysts are usually found near the pyroxenes. 
Accessory phases are zircon and hematite which 
is a secondary product after magnetite. Secondary epidote and 
sericite are common, whereas chlorite is less important than in the more 
basic rocks. 
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Quartz Phenocrysts are, when found (JT267B, 3%, <1.2 mm), rounded and 
sometimes embayed with resorption. 
'S 
The fine-grained matrix consists of turbid feldspars with dispersed 
quartz crystals; any intergrowth is beyond detection. Sometimes 
secondary porosity results from the selective weathering of spherulitic 
devitrification patterns (JT079). 
The coarse-grained rock (JT301) shows striking graphic intergrowth. 
Small patchy quartzes with irregular outlines, embedded ir 
alkali-feldspar, are collectively revealed as single larger crystals (1 
m) through optical continuity. 
The alassv rock (JT267B) has incipient devitrification crystals 
(?cristobalite) dispersed throughout as well as covering the partly 
resorbed surfaces of plagioclase phenocrysts. On the other hand, the 
more extensively resorbed quartz phenocrysts are surrounded by a rim of 
homogeneous glass which, in turn, is surrounded by a relict zone of 
perpendicular microlites. It would seem that this zone grew on the 
surfaces of the quartz phenocrysts before they were resorbed (PLATE 
4-C). 
2.4. Major Intrusions 
2.4.1. Gabbros and associated rocks 
2.4.1.1. Gabbros 
Plagloclase (52-65% modally) partly surrounded by interstitial augite 
(19-30%) with dispersed skeletal or interstitial opaque oxide (3-17%) 
forms the dominant mineralogy of the gabbros (PLATE 5-A) (Appendix II). 
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PLATE 1 
ure of-basic and intermediate lay 
A 	Fine grained basic lava, uneven distribution of opaque oxide; 
intergranular texture (JT095, 	)* 
B 	Fine grained basic lava, even distribution of opaque oxide; 
intergranular texture (JT141, PP) 
C 	Fine grained basic lava, but considerably coarser than those above; 
intergranular texture (JT161, PP) 
D 	Relict pyroxene microphenocryst in an intermediate lava; fine 
grained, fluidal texture. A change in the ratio of plagioclase and 
opaque oxide creates a darker area (upper left) and a lighter (lower 
left) area (JT225, PP) 
E 	Plagioclase microphenocrysts in an intermediate lava; fine grained, 
fluidal texture (JT225, PP) 
F 	Plagioclase phenocryst in a basic lava; medium grained, subophitic 
texture (JT254, XN) 
* JT000=sample number; 
PP=plain polarised light; 
XN=crossed nicols (polars). 
The blue tinge of some photographs 
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A 	Perlitic cracks in an acid lava; a biotite phenocryst (dark, diamond 
shaped) next to a small plagioclase phenocryst (pale, square) 
(JT340 ,PP) 
B 	Ferrohedenbergite.phenocrysts (green with black) in an acid lava. 
The glassy matrix has changed in colour (brown) next to the partially 
altered phenocrysts (JTI12,PP) 
C 	Flow folding surrounding a plagioclase phenocryst in an acid lava 
(JT 112, PP) 
D 	A plagioclase phenocryst in a basic lava showing internal melting 
and an overgrowth rim (upper right corner). A pyroxene microphenocryst 
above (JT328, XN) 
E 	Brown interstitial glass in a medium grained basic lava (JT254,PP) 
F 	A severely melted plagioclase phenocryst in a basic lava, no 
overgrowth rim (JT328,PP) 
C 	Devitrification radiating from a plagioclase phenocryst in an acid 
lava (JT112,XN) 
H 	Oscillatory zoning of a plagioclase phenocryst in a basic lava 
(JT328,XN) 
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A 	Contact of two sheets, (a) medium grained (right) and (b) fine 
grained, which is chilled (black) against the former. Next to the 
chilled margin groundmass plagioclase is concentrated in a narrow band 
(JT003D,PP) 
B 	A medium grained sheet with feldspar and pyroxene in ophitic 
texture; skeletal opaque oxide is probably the earliest phase 
(JTOO2,PP) 
C + D The mineralogy of an acidic vein (see section 2.3.1): 
C 	Biotite with opaque oxide partly included at upper centre of 
photograph. Chlorite pseudomor'phs below (left and right) (JT028A,PP) 
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A 	Ophitic texture in a late basic dyke (member of 1P12). Plagioclase 
(blue) partly or wholly immersed in pyroxene (white, yellow and black 
(in extinction)). Some black patches are opaque oxide (JT209,XN) 
B Anhedral quartz and sheaf-like aggregates of groundmass feldspar in 
an intermediate sheet (JT024,XN) 
C 	Skeletal opaque oxide (center left, black) and interstitial glass 
( hemLised ) in a late basic dyke (member of 1P12). Plagioclase 
(white) and pyroxene (brown) in ophitic texture (JT209,PP) 
D 	Orthopyroxene (see section 3.2.2) and magnetite in a late acid dyke. 
Incipient devitrification of glassy matrix (JT267B,PP) 
E 	A vesic—le in a late dyke. It is filled with (?)smectlte and 
lined with glass containing microlites (JT248,PP) 
F 	Ghost (large dark central area) after a ferromagnesian mineral, 
probably pyroxene, in a basic sheet. Relict planes (white lines) at 
right angles are possibly the result of earlier exsolution (JT046,XN) 
C 	Phenocrysts of feldspar (left and top) and quartz (right) in a late 
acid dyke. Microlites, probably of cristobalite (devitrification), 
cover the surface of the feldspar; the quartz is surrounded by a rim of 
homogeneous glass which is in turn covered by microlites (JT267B,PP) 
H 	Ghost (large dark central area with green patch) after a 
ferromagnesian mineral, probably olivine, in a basic sheet. Compare 
with plate 4-F above (JT046,PP) 
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PLATE 5 
various petroaraDhic asoect 
A 	Typical gabbro: plagioclase (white), pyroxene (brown) and opaque 
oxide (black) (JT269,PP) 
B 	Leucocratic gabbro: coarse- grained rock enriched in plagioclase 
relative to typical gabbro (JT215A,PP) 
C 	Typical gabbro, but with a small olivine crystal (right margin, 
below centre) included in pyroxene. The olivine crystal is diamond 
shaped with black alteration on rims and in cracks (JT045,XN) 
D 	In this gabbro sample grain-size varies from coarse- to medium 
grained. Layering (conspicuous in hand-specimen) is indicated by the 
relative concentration of pyroxene (yellow/red/violet) in the upper half 
of the photomicrograph. Trails of fine opaque oxide, forming a wavy 
band across the photomicrograph (horizontally, below center), indicate 
igenous lamination: in this band small plagioclase crystals (blue) have 
parallel orientation, separated by fine opaque oxide (JT000,XN) 
E 	Pegmatitic gabbro, poikilitic texture. A few plagioclase crystals 
enclosed by one large pyroxene crystal (JT048,XN) 
F 	Pegmatitic gabbro, grain-size 10 - 20 mm (JT311,XN) 
G 	Acid intrusion. Layers with brown spherulites coincide with the 
fabric of the plagioclase phenocrysts (JT115B,PP) 
H 	A gabbro sample in which the plagioclase crystals have distinctive 
partly resorbed bands near their margins, probably resulting from an 
earlier melting event. Relict olivine crystals rimmed with black are 
present (centre right) (JT052,PP) 
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naior intrusions - various pecrograpnic aspects 
A 	Two pyroxene phases in the Geitafell gabbro: on the left augite, on 
the right magnesian pigeonite (JT000,PP) 
B 	Interstitial area' in the Geitafell gabbro: Magnetite (black) and 
rutile (black/brown) next to it, as well as apatite (elongate, grey, 
upper left corner) are primary minerals. Secondary products are 
chlorite (greenish) and clays (brown) after glass (JT000,PP) 
C + D 	A single plagioclase crystal (from a gabbro) in plain polarised 
light (C) and crossed nicols (D): a belt of fluid inclusions (faint 
brown) coincides with one of the compositional bands of oscillatory 
zoning (dark) (JT025) 
E 	An interstitial area between plagioclase crystals in a sample from 
the Geitafell gabbro margin: anhedral quartz (centrally) Is present as 
well as epidote (yellow/red/blue) (JT239XN) 
F Two pyroxenes in a dioritic gabbro: Common augite to the right 
(whiteish center, rusty alteration next to it), a pseudomorph after 
pigeonite (presumably) to the left. The pseudomorph is rimmed with 
granules of secondary opaque oxide. The matrix is an intergrowth of 
quartz (white) and alkali-feldspar (brown) (JT279,PP) 
C 	An oligoclase phenocryst with complex twinning in a sample from an 
acid intrusion. The matrix consists of alkali-feldspar and abundant 
quartz (JT116,XN) 
H 	Plagioclase phenocrysts (top left and bottom right) in a sample from 
an acid intrusion. The matrix has anhedral quartz and aggregates of 
sheaf-like crystals (JT120B,XN) 
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PLATE 7 
Major intrusions - various Petrographic aspects 
A 	Plagioclase 'phenocryst" in the Ceitafell gabbro, larger than the 
surrounding plagioclase. It has a zoned core (brown/black) as well as a 
zoned mantle and rim (dark grey/ blue) (JT000,XN) 
B 	Oscillatory zoning in a gabbro feldspar (JT025,XN) 
C 	Skeletal opaque oxide (black) apparently included in the large 
plagioclase crystals (white) of a gabbro. Elongate crystals 
(yellowish/green) are chlorite pseudomorphs, probably after pigeonite 
(JT202,PP) 
D The groundmass of an acid intrusion has abundant quartz, both evenly 
dispersed and in elongate aggregates (JT115C,XN) 
E The edges of interstitial pyroxene (brown) in a gabbro are dark with 
fine hatching, caused by the exsolution of (?) rutile and ilmenite 
(JT025,PP) 
F The zoning of pyroxene is rarely apparent between crossed nicols. 
But here a core (light brown) can be distinguished from a mantle (dark 
brown) which is faintly oscillatory zoned (gabbro JT065,XN) 
G 	Skeletal opaque oxide in a diorite (from Kráksgil). Chlorite (white 
on photomicrograph) replaces pyroxene; the matrix (green/brown) is a 
fine intergrowth of alkali-feldspar and quartz (JT216,PP) 
H 	Myrmekitic texture in a diorite (from Kráksgil). Strongly zoned 
plagioclase crystals are surrounded by "aprons" of myrmekite; small 
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Photographs of thin-sections from three minor units. The sections are 
labelled according to sample numbers; for description and discussion 
see text. 
The first three photographs have correct orientation (as in field), the 
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They are coarse-grained 01.0 mm) although they grade into 
medium-grained dolerites (PLATE 5-D). 
Pegmatitic pockets (grain size 10-20 nun) with poikilitic pyroxene are 
occasionally found (JT048,JT311), and they can have more pyroxene than 
plagioclase in contrast to the typical gabbros (PLATE 5-E,F). One of 
these (JT311) has chlorite pseudomorphs, believed to be after an earlier 
phase of pigeonite, enclosed in the poikilitic augite. At the 
Geitafell gabbro margin coarse-grained pockets (20 cm across) within an 
oxidised dolerite matrix are conspicuous (JT190). 
Interstitial areas are usually minor in mode to the opaque oxide (except 
JT020, App.II) and often altered. 	They fall in two categories (PLATE 
6-B,E); 	(a) with basic affinities (JT025JT269) comprising chlorite, 
clay, rutile and apatite, and (b) with more silicic affinities (JT241) 
comprising quartz, turbid (alkalic) feldspar, epidote and calcite. The 
alkali feldspar is late magmatic, whereas epidote and calcite are 
secondary. Quartz can be either, but inclusions of apatite (e.g. JT239) 
prove its magmatic origin. The two categories of interstitial areas 
may, however, be compositionally equivalent (dacitic to rhyolitic) and 
represent faster and more slowly cooled rocks respectively. In the 
faster cooled rocks the interstitial areas were originally glassy. 
Layering of these coarse-grained rocks is only seen on the smooth 
surfaces of the single gabbro quarry In the area (Geitafell). This 
might be taken to indicate that the rugged outcrops el5ewhere conceal 
this phenomenon. Admittedly, layering on a microscopic scale was only 
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detected in a thin section (JT000) from the quarry outcrop (PLATE 5-D). 
Layers of alternative concentration of plagioclase (70-90%) and pyroxene 
(50-60%) + iron ore (10%) are of the order 5-15 mm. The plagioclase-
rich layers are finer grained and contain euhedral pigeonites. Parallel 
orientation of the plagioclases and the pigeonites in the plane of 
layering represents igneous lamination. 
The plaaioclases are sub- to euhedral. Oscillatory zoning (PLATE 7-B) 
shows that at least some of the plagioclase crystals had a complex 
history. Where it occurs, well defined cores and mantles can be seen 
and it is usually the mantle which is oscillatory zoned. Examples of 
normally zoned cores overgrown by zoned rims (JT000) (PLATE 7-A) and of 
anhedral resorbed cores (JT025) are found, as well as belts of fluid 
inclusions (JT025) (PLATE 6-C,D) representing sudden growth. But where 
these features are absent no distinction can be made between core and 
mantle, although a rim of normal zoning is near ubiquitious. 
One sample only (3T052, Vidbordsfjall C) shows plagioclases which 
suffered sudden extensive melting at one stage in their history. They 
all have fresh cores with partly resorbed mantles overgrown by zoned 
rims (PLATE 5-H). 
Sub-porphyritic varieties (PLATE 7-A), where two or more generations of 
plagioclase can be distinguished, are fairly common (JT000, JT018, 
JTO2O). 
The Pyroxenes are usually anhedral and conform to the earlier sub- to 
euhedral plagioclases. 	Although interstitial, their volume is not 
enough to enclose the plagioclases in proper poikilitic texture except 
in the pegmatites. In the finer-grained gabbros (doleritic varieties, 
JT018) the pyroxenes are subhedral in intergranular or sub-ophitic 
texture. 
A fine hatching, usually confined to the edges of the crystals, is 
fairly common (JT018,JT025) (PLATE 7-E). It is created by dusty opaque 
inclusions (? ilmenite, rutile, spine]) of preferred orientation, 
sometimes in two directions. This is possibly the result of an 
exsolution of a titanium-rich pase. Small inclusions of high relief can 
also be found assembled in straight rows which probably delineate 
crystallographic planes (JT025). Slight oscillatory zoning of a 
pyroxene is seen in one sample (JT065) from unit D in Vidbordsfjall 
(PLATE 7-F). 
Olivine is intermittently found as a minor phase (up to 6% modally) 
(PLATE 5-C), usually totally pseudomorphed (JT025, <2.7 mm) but 
occasionally (JT020) with fresh patches. It has crystallised early, 
being subhedral and partly or wholly enclosed by anhedral pyroxene. 
Although comparatively rare, olivine is present in samples from both the 
older and younger gabbro units (samples JT- 000, 020, 025, 045, 052, 
270). 
Oaaue oxides are skeletal and/or interstitial. Lobate forms also occur 
(JT239). Most often they are seen to have crystallized before pyroxene, 
being partly or wholly enclosed. 
The Stóra-DIma gabbro is, according to sparse sampling, somewhat 
different from the typical gabbros and its magmatic history may be 
complex: 
A coarse-grained rock (JT202) of distinctly low silica content (42%) is 
in fact quite evolved, as shown by the dioritic mineralogy (quartz, 
alkali feldspar, apatite) of broad interstices. Other phases are 
plagioclase, sub- and anhedral pyroxene (presumably augite), chlorite 
pseudomorphs believed to be after pigeonite, and large (up to 4 mm) 
skeletal opaque oxide. Square, elongate and irregular crystals of 
opaque oxide occur, some of which appear to be inclusive in plagioclase 
(PLATE 7-C). This rock has the geochemical hallmarks of a rock enriched 
in Iron-oxide, which might explain the apparent silica- deficiency. 
Another gabbroic sample (JT201E) from Stóra-DIma has a very fine-grained 
deuteric assemblage (including sphene) with the morphology and mode of 
interstitial pyroxene. All original pyroxene been replaced in this 
way. Modal analysis is given in Appendix II. Whether these two samples 
represent the Stára-Dima outcrop at large or not is inconclusive. 
2.4.1.2. Associated leucocratic rocks 
Feldpr- enriched aabbros (JT-078,215A,284,285) have modal plagioclase 
ranging up to 76% (App.II), at the cost of either pyroxene (JT078) or 
primary opaque oxide which can be absent (JT215A) (PLATE 5-B). 
ye 
Geochemically they stand apart with :hlgh aluminium content and low iron 
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and magnesium contents (see chapter 4). 	They are found both in the 
older and younger gabbros. 
One such sample is a gabbro xenolith (8 cm) from a basic sheet (JT215C) 
(section 1.4.1). 	The xenolith (JT215A) is relatively fresh and only 
slightly remelted (PLATE 5-B). 	The mineral assemblage is simple: 
plagioclase, pyroxene and glass (altered); 	the modes are given in 
Appendix H. The absence of iron oxide suggests that this represents a 
flo,...tation- facies within the gabbro. Once fragmented from the 
wall-rock It may have been selectively carried away with the intruding 
sheet, again by gravitational difference. This fragment will have been 
buoyant or rising within the basic magma of the sheet, in contrast to 
denser fragments of the typical gabbro. 
Silica- enriched rocks associated with the gabbros were found at three 
locations (section 1.4.1). Samples from each of these will be described 
be I ow. 
Geitafel I 
The Geltafell sample (JT135A) has abundant Interstitial alkali feldspar 
and quartz, but is otherwise a typical dolerite with fresh zoned 
plagloclase laths (no phenocrysts) and ophitic pyroxene showing 
hour-glass zoning. Opaque oxides are small, dispersed and modally low. 
Accessory phases are rutile and apatite. Chlorite, epidote, sericite 
and calcite occur as alteration products. The silica-content of this 
sample is higher than that of the common gabbros, but the MgO content is 
similar (see chapter 4). 
83 
Vidbordsfjall: 
The Vidbordsfjall sample (JT279) is referred to as dioritic gabbro (see 
Appendix II). 	It is coarse grained with medium-grained rhyolitic 
patches up to 10 mm across, hence it is heterogeneous. 	Albites and 
alkali feldspars are found either interstitially in the gabbroic parts 
of the rock or, more abundantly, in the rhyolitic patches which contain 
prolific subhedral quartz. Two pyroxene phases are present in the 
gabbro; augite altering to clay and chioritic pseudomorphs believed to 
be after pigeonite, rimmed with granules of secondary opaque oxide 
(PLATE 6-F). 
Icráksgi I: 
Six representative samples of the diorite in Krâksgil show a range in 
grain-size from medium to coarse (3T217B, JT217A). They are also 
variable in terms of their homogeneity and in their degree of secondary 
oxidation. 
The heterogeneity is caused by interstitial patches which are finer 
grained and of rhyolitic mineralogy. It is usually on a microscopic 
scale but occasionally the patches are up to 13 mm (JT218) across. 
The shape of the plagioclase is near euhedral with subhedral rims of 
zoning, which is most conspicuous towards the felsic (rhyolitic) areas. 
The degree of sericitation in cracks is very variable (negligible in 
JT217A). 
In coarser samples (JT217A) myrmekitic texture is common, occurring in 
turbid areas between the plagioclase and central subhedral quartz 
crystals (PLATE 7-H). The texture only occurs in the vicinity of zoned 
plagioclase; in isolated interstitial areas exclusively involving 
alkali feldspar and quartz the texture is absent. 
The pyroxenes (probably augites) are sub- to euhedral; 	an elongate 
habit is common in some samples (JT217A, 3 mm). 
Opaque oxide is euhedral but sometimes distinctly skeletal (JT216) 
(PLATE 7-C). It is an early phase whose size is comparable to that of 
pyroxene. Typical modes (primary phases) are given in Appendix II. 
Epidote and apatite (<1.6mm), as well as rarer sphene (JT218) and 
calcite (4mm, JT256) are either deuteric or hydrothermal. Some samples 
have pale blue chlorite as their single mafic alteration product (JT216, 
JT256), while in others green amphibole (?actinolite) replaces the 
pyroxene. Hematite gives some samples a rusty appearance (JT266). 
2.4.2. Acid and intermediate 
The samples from Grasgiljaegp (acid boulders) are sparsely porphyritic 
with 1-3% plagioclase phenocrysts (<1mm). Occasionally (JT118A, JT120A) 
internal melting of the plagioclase phenocrysts Is seen; 	slight 
marginal resorption is more common. 	Their twinning can be simple 
(JT113A) or complex (JT116) (PLATE 6-G). 
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Ferromagnesian minerals occur as sparse microphenocrysts and have always 
been altered beyond recognition. Dispersed euhedral magnetite is 
ubiquitous, but is considered to be an early groundmass constituent 
rather than a microphenocryst. 
Quartz phenocrysts are rare (sect.2.2.1) but where found 
(JT-115C,116,118B) their size (<0.5 mm) and modality are less than that 
of the plagioclase phenocrysts. They are severely embayed. Plagioclase 
phenocrysts in the same samples show considerably less marginal 
resorption. 
The fine-grained groundmass has sub- to anhedral quartz crystals 
embedded in a spherulitic matrix of acicular crystals. In 
coarser-grained samples (JT120B) the spherules are aggregates of 
sheaf-like crystals (PLATE 6-H). This is probably the combined effect 
of devitr- ification and late deuteric processes. The quartzes are often 
in elongate aggregates (PLATE 7-D) which, together with the planar 
alignment of the spherules (PLATE 5-G), emphasize the flow-banding of 
the rock. This banding is usually only semi-parallel with some 
distortion suggestive of viscous flow. The elongate quartz-aggregates 
are sometimes (JT115C) lined with opaque oxide or accompanied by minute 
feldspar- microliteg, showing parallel orientation (flow structure). In 
other samples (JT118B) the same phenomenon is seen around the 
plagioclase phenocrysts. 
One of the boulders (JTI14) is composite, made up of vitric and lithic 
(basalts, dolerites) clasts (<5 nun) embedded in a fine-grained matrix of 
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glass-fragments, ?xenocrysts and alteration products. 	Plagioclase 
crystals (<2 mm) are common in the matrix and are probably derived from 
its glass-fragments, since they are also found as phenocrysts (1-2%) in 
the larger vitric clasts. They are marginally resorbed. 
Asamle from the acid intrusion in Tunoufell (JT303) is coarse- grained 
(up to 3 nun) in contrast to the samples above. Relatively small sub- to 
euhedral plagioclases (0.5-1.0 mm) are surrounded by an apron of 
myrmekite (alk.fsp+qz) which has a progression In grain size from very 
fine worm-like rods of quartz next to the plagioclase to medium-grained 
anhedral quartz patches furthest from the plagioclase. Beyond these, 
subhedral quartz-crystals 0 mm) are found. The medium-grained quartz 
patches usually have collective extinction which defines 1-2 nun 
crystals. These have a slight tendency to granophyric texture, 
especially furthest away from the plagioclase. 
That texture results from the eutectic crystallization of quartz and 
alkali feldspar, whereas myrmekite is formed through simultaneous growth 
of plagioclase and alkali feldspar. A transition from myrmekitic to 
granophyric crystallization is Indicated, the rock reaching the eutectic 
only at a very late stage in its cooling. 
Sparse pyroxene pseudomorphs are present (0.5 mm) and accessory zircon 
(0.05 m) is relatively abundant as prismatic inclusions in quartz. 
The intrusion (IPli) of SudUrfliót is, according to meagre sampling, of 
intermediate composition. Two samples have sparse but relatively large 
(2 mm) plagioclase phenocrysts, now totally pseudomorphed to chlorite 
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and calcite. They are fine-grained and free from the banding common in 
Grasgiljaegg. In the groundmass there are dispersed ferromagnesian 
minerals altered to chlorite (JT278), abundant partially resorbed and 
sericitised plagioclase (JT277), and minor quartz which is either mostly 
contained In the myrmekitic texture (JT278) or occurs in discrete 
subhedral crystals (JT277). 
The intrusion of Graenafell is represented by only one sample (JT283) It 
is very fine-grained with a fine-scale (0.3 mm) banding; It has sparse, 
large (4 nun) calcite pseudomorphs after plagioclase phenocrysts. The 
only phase identifiable in the glassy matrix is abundant subhedral 
opaque oxide. The banding is created by trails of coarser opaque oxide 
and quartz. The sample is of acid composition (Si02 71%), but the MgO 
content is slightly higher than that of the rhyolitic rocks in general. 
2.5. Pyroclastic and mixed magma rocks 
2.5.1. Minor units 
In Hoffell above Hoffell-farm, well outside the caldera margin, a 
layered pyroclastic extrusive unit is found in the BI lava succession. 
It comprises a 2.5 m thick stratified lower part (JT097) with 
alternating light (2-3 cm) and dark (5-10 cm) layers (see PLATE 8) and a 
1.5 m thick unstratified rhyolitic upper part (JT097D). 
The dark layers consist predominantly of basaltic scoria between which 
there is a lesser quantity of flattened rhyolitic pumice with 
chloritised amygdales. The basaltic scoria, although less deformed than 
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the pumice, was apparently essentially molten as shown by somewhat 
moulded form and lack of sharp angular outlines. Some of the scoria is 
plagioclase -phyric. The dark layers show a variation in grain-size 
from 1-4 mm next to the light layers to fine ash (<1 mm) elsewhere 
(JTO97A). 
The light layers consist mainly of subrounded lithic clasts (80%, 0.5 - 
4.0 mm), most of which are rhyolitic; and between them there are small 
sheaf-like 	lenticles 	of 	highly-welded 	rhyolitic 	pumice 	(total 
compression. of vesicules). 	This pumice, being less chioritised, is 
lighter in colour than the pumice of the dark layers. 	The two are 
presumably of the same original composition and the difference in colour 
is not considered to indicate different magmas. The chioritisation of 
the latter is probably enhanced by the presence of the basaltic scoria 
(?leaching. These alternating light and dark layers are suggestive of 
cyclic events in the eruption. 
The overlying rhyolitic part (1.5 m)is similar to the light layers (of 
the stratified lower part) apart from lower concentration of lithic 
fragments and an apparent lack of welding in the felsic near-glassy 
matrix. However, by analogy to the earlier rhyolitic phases (the light 
layers) and the increase in degree of welding seen in their matrix 
compared to that of the dark layers, it is concluded that this rhyolitic 
upper part represents a bed of thoroughly welded rhyolitic pumice rather 
than a rhyolitic lava flow. 
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Also in Hoffell, but west of the farm and very close to the caldera 
margin, another pyroclastic extrusive unit is found amongst the BI 
lavas. It is about 2 m thick and comprises a darker lower part (3T129) 
and a lighter coloured upper part (JT130), both of which are distinctly 
laminar although this phenomenon is not conspicuous in thin section. 
They consist of subrounded to angular lithic clasts of varying 
composition contained in a glass of thoroughly welded rhyolitic pumice, 
which gives rise to the lamination. The glass of the lower layer is 
darker in colour than that of the upper layer, but this again is deemed 
to be a differential alteration effect. 
The darker (lower) layer has a higher concentration (40%) of solid 
fragments than the upper one (20%), and they are better sorted and 
finer-grained (<1 mm, commonly 0.5 mm) than those of the upper layer 
(<8mm, commonly 1 mm). In this layer a hint of magma mixing is provided 
by dispersed chloritised fiainrne and shards of an apparently different 
glass. 	Plagioclase crystals are present in both layers but their 
concentration is higher in the lighter (upper) layer (13%). 	It is 
concluded that they are phenocrysts of the rhyolitic magma rather than 
xenocrysts. Their fabric, as well as that of elongate rock fragments, 
Is parallel to the welding. This is particularly evident in the upper 
layer. 
In Tunaufell, west of Hoffell and within the (later) caldera, three 
outcrops of pyroclastic horizons are found. 	In spite of some 
differences it is possible that these are all from the same extrusive 
unit, showing considerable horizontal variations. Apparently discordant 
strike and dip (7 0/22 ° W to 60 °/16 0 NW) can be explained by small-scale 
faulting within the caldera, now obscured by screes. Presumably this is 
part of Basalt lava unit I, but the distinction between 81 and Bli is 
difficult within the caldera due to faulting. 
The lowest of these outcrops consists of 30 cm thick felsite (JT010) 
with thinner mixed units both above (JT011A) and below (JTOliB, see 
PLATE 8). The felsite is free from lithic clasts; it has 
microphenocrysts of quartz and sparser altered ferromagnesian mineral, 
in a matrix of fine granular quartz and turbid (alkali) feldspar. No 
plagioclase is seen. The mixed unit below has eutaxitic texture created 
by flattened basaltic scoria and wisps of basaltic glass contained in a 
matrix of rhyolitic glass. Broken plagioclase crystals (<2 mm) occur on 
the contact of the two glasses, their fragments conforming to the wavy 
outline. It is difficult to see from which glass they originate. 
Lithic clasts (basaltic and intermediate) are a minor constituent. The 
upper mixed unit is similar but not eutaxitic; it has a higher 
proportion of lithic clasts and the basaltic scoria are generally 
unflattened. The smaller wisps of black glass still have uniform 
orientation. 
The next (up bill) of these outcrops (1.5 m thick) comprises a lower 
rhyolitic layer (JT037) and an upper mixed layer of eutaxitic texture 
(JT036) (see both in PLATE 8). The rhyolitic layer has subrounded lithic 
clasts (15%, <2 cm) of basaltic to intermediate composition and a few 
plagioclase phenocrysts (<1 mm) which are very altered. It shows hardly 
anytrace of welding in thin-section, but the foliation of the rock is 
qj 
interpreted as that of a thoroughly welded fragmental rock rather than a 
lava flow. 
The mixed layer consists of approximately equal proportions of flattened 
(1:3) rhyolitic pumice (1-10 mm) and a black glassy matrix, presumably 
basaltic. This is the reverse of the eutaxitic unit described above 
(JT011B) which has basaltic scoria in a rhyolitic matrix. The mixed 
layer has a 5 mm zone at the bottom where the pumice is predominant 
(90%) and more flattened (1:15), giving a streaky or parataxitic 
texture. Lithic clasts, common in the lower layer, are near absent in 
this mixed layer. A few fresh and relatively large (<1 mm) plagioclase 
phenocrysts are present in the rhyolitic pumice, whereas the basaltic 
glass is nearly aphyric (very sparse microphenocrysts of magnetite and 
plagioclase). Quartz is abundant but occurs mainly as a secondary or 
deuteric infilling of the vesicles of the pumice. 
The highest of these outcrops similarly comprises a lower rhyolitic 
layer 0 m, JT032D) and an upper mixed layer (30 cm) which was sampled 
In some detail (bottom to top: JT032-C,B,A) (see PLATE 9). The 
rhyolitic layer has more plagioclase phenocrysts (8%, <1.5 mm) than the 
one described above as well as sparse magnetite microphenocrysts. It 
has equally abundant but a lot finer (0 nun) lithic fragments, 
apparently basaltic. The matrix is near glassy with faint but definite 
traces of welding which are more obvious to the unaided eye than down 
the microscope. 
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The mixed layer is similar to those of the lowest outcrop with flattened 
basaltic scoria in a matrix of rhyolite (welded pumice). Variations on 
a centimetre and even millimetre scale are however considerable, as best 
shown on the photographs. The abundance of lithic fragments, 
plagioclase phenocrysts and basaltic scoria varies, as does the degree 
of mixing, degree of flattening and the ratio of acid to basic magma. 
Lithic fragments are subrounded and mainly basaltic although 
intermediate (in JT032B) and rhyolitic (in JT0320 ones occur; their 
size is commonly 1-3 nun although fragments of 6-12 m occur (in JT0320. 
Their concentration is highest in the middle sample (JT032B) where their 
sorting is also best (<2.5 mm, no large fragments) and rhyolitic 
material is present only as minor streaks in brown basaltic (?clastic) 
glass. 
Plagioclase phenocrysts (<1.5 mm) are ubiquitous both in the more 
clastic and the more magmatic horizons. It seems from their preferred 
location in the dark streaks of the least well-mixed sample (JT032C) 
that their parental magma is the basaltic one. A couple of mafic 
crystals (in JT0320, possibly fayalitic olivine, are probably 
xenocrysts in both magmas. 
Basaltic scoria particles are absent in the lowest sample (JT0320, but 
common in the upper two. But it Is probable that this simply reflects 
different degrees of deformation and therefore the extent of 
(?subaerial) cooling of the basic magma, since broad basaltic streaks 
are common in the bottom sample but absent in the other two. The 
q3 
implication is that the scoria is totally deformed in the lower horizons 
of this mixed layer. This could also have resulted from the greater 
lithostatic load on the lower horizons. 
In the uppermost sample (JT032A) the degree of mixing is greatest giving 
the finest streaks of rhyolite interspersed with wisps of basalt, often 
trailing off the edge of basaltic scoria particles. However, layers 
defined by alternating proportions of acid to basic material are present 
(2-20 mm), sustaining the inherent heterogeneity of the rock. 
2.5.2. Major units 
The voluminous pyroclastic units referred - to as Hyaloclastites I and II 
are not the subject of the present study (see sect.1.4.1). For their 
description the reader is referred to Annels (1967) and Fridleifsson 
(1983) or a brief account in chapter 1. A single sample (JT121A of HI) 
however, collected in Hoffellsdalur, suggests the presence of two magmas 
as shown by dark basaltic scoria amongst cuspate vesicular fragments of 
lighter coloured glass. 
CHAPTER 3 MINERAL CHEMISTRY 
3.1. Feldspars 
All feldspar analyses are shown in Fig.3.1. 	A distinction is made 
between those from the basic, intermediate and acid rocks. 	Alkali 
feldspars are almost exclusively anorthoclases. Feldspars in selected 
samples are shown in Fig.3.2. The analyses are presented in Table 
111.1. 
3.1.1. Lavas 
The composition of the plagioclase phenocrysts (and microphenocrysts) in 
the basic lavas varies from bytownite to labradorite (An 85_63 ) for the 
cores, with margins zoned to An55 and in one case to andesine, An 41 . In 
the intermediate lavas all feldspar compositions (An 49_34 ) are within 
the andesine range. 	In one representative rhyolitic lava (JT112) the 
feldspars phenocrysts are oligoclases (An 23_ 15 ). 	Alkali feldspars, 
generally a common phenocryst phase in rhyolites, are absent. 
In the basic and intermediate lavas the composition of the groundmass 
feldspar cores (An 64_35 ) nearly always overlaps with the zoning of the 
associated phenocrysts. In basic lavas the margins of the groundmass 
feldspars represent more extreme zoning Into the oligoclase range 
(An 41 _23 ). Groundmass feldspars are generally more iron-rich (up to 
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FIg.3.1, All feldspar analyses. Nomenclature from Deer et.al., 1966. (mo17) 
Feldspar microlites (<<0.1 mm), dispersed in the glassy groundmass of 
the rhyolitic lava, are more F0L255ic than the phenocrysts (An 13Ab81 0r6 - 
An 14Ab620r25 ). 
3.1.2. Minor Intrusions 
For the basic rocks the plagioclase phenocryst core composition is 
bytownite (up to An87) in every sample analysed (9 representative), 
although it is less calcic (An76_7 1 ) in the less porphyritic rocks, 
which usually have smaller phenocrysts. Microphenocrysts are least 
calcic, but still of bytownite composition (An 70 ). This suggests that 
the smaller crystals equilibrated with the evolving liquid to a greater 
extent than the larger ones. The extent of zoning Is highly variable 
but it always overlaps with the groundmass feldspar composition (where 
analysed - 7 samples). Andesine rims are common (An 49_35), but 
labradorite and even bytownite (An76) rims occur where the zonation is 
slight. One relatively coarse-grained sheet (JT002) contains feldspar 
phenocrysts showing a very broad compositional range, bytownite (An 86 ) 
zoned to oligoclase (An 16 ). 
The grounthass feldspars are usually labradorites (An 69_53 ) zoned to 
andesine (An 47_31 ), although rims of oligoclase (JT002, An 14 ) occur. 
The intermediate compositions among the minor intrusions have sparse 
plagioclase (micro)phenocrysts which are slightly zoned calcic andesines 
(An5 1 _46 ) for a moderately siliceous rock (59% S102, JT136), but 
slightly zoned oligoclases (An25_22) for the most siliceous one (69% 
9-/ 
Sb2, JT142). 	Corresponding matrix feldspars are in each case 
considerably more sodic (An36 and An 12 respectively). The compositional 
overlap between the phenocryst rims and the groundmass feldspar 
prevalent in the basic rocks (both lavas and minor intrusions) is 
apparently lacking. 
(1 xeiiocryts) 
The composition of the plagloclase phenocrysts L -in a sparsely 
porphyritic microgranitic vein (JT028A, sect.2.3.1) ranges from An 48 to 
An31 . It was not possible to obtain a whole-rock analysis of the vein, 
but it is presumably of rhyolitic composition. Alkali feldspar is 
present in the matrix with abundant quartz. 
In a glassy acid dyke (JT267B) the plagioclase phenocrysts are all sodic 
(An20 _ 10 ) but with varying potassium contents (0r 6_ 19 ), defining a trend 
from oligoclase to anorthoclase. One phenocryst has a small anhedral 
core of An47, mantled by a euhedral outer zone of An 1 0Ab7 1 0r 19 . The 
core is presumably xenocrystal whereas the rim (anorthoclase) probably 
represents feldspar in equilibrium with the melt. 
3.1.3. Major intrusions 
In the typical gabbros the plagioclase cores are calcic bytownites of 
constant composition (An 85 _ 84 ) for all analysed samples (6 
representative) with the exception of a pegmatite (JT048, grain-size 
10-20 mm) which has considerably more sodic labradorite cores (An 63 ) 
zoned to sodic andesine (An32 ). 	In general the extent of zoning is 
variable, from bytownite (An75) through to oligoclase (An 25 ). 	Very 
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Fig.3.2. Feldspar compositions from selected rocks. Each graph shows 
all the analyses in one sample. No distinction is made between cores 
and rims, the compositional range of the larger crystals (filled 
symbols) is almost always created by normal zoning. 
Basic and intermediate porphyritic rocks 
JT160, JT168D, JT329: Basic lavas; there is an overlap between the 
compositional range of the phenocrysts (zoning) and the compositions 
of the groundmass feldspars. 
JT046, JT143, JT197, JT273: Basic minor intrusions; again there Is 
an overlap between phenocryst- and groundmass feldspar compositions. 
JT136, JT142: Intermediate minor intrusions; the groundmass feld-
spars are distinctly more sodic than the rims of the phenocrysts, an 
overlap is not seen between the two. 
Rhyolites and gabbros 
JT112: A rhyolite lava; feldspar microlites in the glassy ground-
mass are more alkalic than the phenocrysts. 
JT116, JT267B: Rhyolitic intrusions; the trend In feldspar 
compositions is created by varying potassium content. 
JT214: A gabbro with a very wide range of feldspar compositions. 
Microlites in interstitial areas are the most sodic phase. 
JT215A: A feldspar-enriched gabbro (a xenolith); an example of 
a very narrow range of feldspar composititons. 
JT217A: A diorite (Kráksgil); sub- to euhedral andesines are zoned 
to anorthoclase, the feldspars in the dioritic interstital patches 
alkali feldspars with up to 95% orthoclase. 
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Fig.3.2. Feldspar compositions from selected COCKS. For aiscussion see 
opposite page. (rnol7.) 
small feldspars in interstitial areas are oligoclases or albites, 
sometimes slightly potassic (An 16Ab730r 10 in JT048, An8Ab90Or 2 in 
JT214). 
In one sub-porphyt- itic gabbro (JT020) the composition and zoning of the 
matrix feldspars (An77_37 ) is a continuation of the zoning of the 
phenocrysts (An 85_ 75 ). In another (JT000) the compositional range of 
the phenocrysts (An854) covers that of the matrix feldspars (An64_58 ). 
The Stóra-Dima gabbro differs from the typical gabbros in various ways 
(sect.2.4.1.1). 	The plagioclases (JT201E) are slightly less calcic 
n8 1 ) than those of the typical gabbros (An85), and show a more 
restricted zonation (to An63). 
In feldspar-enriched gabbros, the composition and zoning of the 
plagioclase is, with one exception, identical to that of the common 
gabbros. Larger plagioclases are bytownites (An 86_85 ) zoned to andesine 
(An49_43); the smaller ones are labradorites or andesines (An 52_42 ) 
zoned to oligoclase (An 27_25 ). 
The exception is provided by a gabbro xenolith in a basic sheet (JT215A, 
sect.2.4.1.2) where the plagioclase shows a very restricted but 
apparently reverse zoning; the bytownite is zoned from An85 through 
An78 with a calcic edge of An8 1 (? due to the reheating of this sample 
when it became a xenolith?). 
Silica-enriched gabbroic 	rocks 	(sect.2.4.1.2) 	have more 	sodic 
plagioclases. 	In the dioritic gabbro from Vidbordsfjall (JT279) 
labradorite (An 56 ) is zoned to oligoclase (An24); 	in the more evolved 
diorite from Krksgil (JT217A) basic andesine (An 50 ) is zoned to 
anorthoclase (An 6Ab81 0r 13 ). In both the rocks there are relatively 
large (1-13 mm) interstitial patches which are leucocratic 
(sect.2.44.2). Feldspars in these are are albites (An 4Ab94Or2 ) for the 
less evolved rock, alkali feldspars of varying composition for the other 
(An 4Ab71 0r25 - An 1 Ab40r'95). 
In the acid intrusion of Grasgiljaegg (sample JT116), sparse plagioclase 
phenocrysts are normally zoned oligoclases with a significant trend 
defined by varying potassium content (An 1 9Ab770r 4 - An9Ab730r 15 ). 
3.1.4. Zonation 
Plagioclase crystals were sometimes analysed at a number of points from 
core to rim. This was performed manually so the spacing of points is 
irregular. Therefore, it is not possible to present "profiles" of the 
crystals; when plotted the X-axis does not represent distance from the 
core. 
However, such analyses of selected plagioclases were done for the 
gabbros and their leucocratic derivatives; for the grounänass of a 
medium-grained sheet; and for the phenocrysts of porphyritic sheets and 
a rhyolite lava. Effort was made to try to analyse individual zones 
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Fig.3.3. 	Zoning of selected feldspar crystals. The curves show 
changes in anorthite content (mole %) from the centres of the crystals 
to the edges. Where two curves are present on the same graph (e.g. 
JT2I7A)the upper curve shows An% + Ab%. indicating orthoclase content 
(100-(Ab+An)=Or). The rocks are: JT002. JT028. JT124. JT273 = 
porphyritic sheets (basic): JT112 = a porphyritic rhyolite lava: 
JT2I7A = diorite Krksgil); JT020. JT025. JT048. JT214. JT269. JT284 = 






The results are presented in plots in Fig.3.3. The oscillatory zoning 
is best recorded in a gabbro (JT025), and is seen to be slight but 
distinct in four other samples: a porphyritic sheet (JT273), two 
typical gabbros (JT214,JT269) and a feldspar-enriched gabbro (JT284). 
The smoothest "normal" trend is seen in a gabbro- pegmatite (JT048). A 
phenocryst from the rhyolitic lava (JT112) shows the most restricted 
zoning. 
3.2. Pyroxene 
All the pyroxene analyses are shown in Fig.3.4. A distinction is made 
between those from the basic, Intermediate and acid rocks; nomenclature 
is from Poldervaart and Hess, 1951. 
The Thingmczli pyroxene 'trends are also shown in Fig.3.4 and the 
Geitafel,l pyroxene analyses (phenocrysts and groundmass crystals) 
compare well with the Thingmili groundmass compositions. However, the 
Thingrm.li augite phenocrysts are usually more calcic than any from 
Geitafell. In the Thingmüli suite, clear trends of intermediate 
pigeonite In the grounänass of the basalts and of ferroaugite in the 
icelandites are established. These have not been found in Geitafell, 
but they have possibly been overlooked because of more extensive 
alteration. 
Fig-3.5. shows pyroxenes (and olivines) in selected Geltafell samples. 
For the pyroxene analyses see Table 111.2. 
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Fig.3.4. All pyroxene analyses. The nomenclature is from Poldervaart 
and Hess, 1951. The composition of the Thingmtli pyroxenes is 
indicated: the phenocryst trend by a dashed line and the groundmass 
trends by solid lines. (molZ) 
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3.2. 1. Lavas 
The compositions of the pyroxenes (both phenocrysts and groundmass 
crystals) lie entirely within the augite field in the En-Di-Hd-Fs 
quadrilateral, except in the rhyolites (Fig.3.4). 
In the basic lavas the .pyroxene phenocrysts are diopsidic augites 
(commonly Ca39Mg47Fe 14 - Ca35Mg44Fe 1 8), whereas in the intermediate 
lavas relatively iron-rich and Ca-poor augite phenocrysts are found 
(Ca36Mg34Fe30, JT225). The phenocrysts show slight zoning towards more 
iron-rich compositions (JT168D) and occasionally towards subcalc.ic 
augite (JT184). Where analysed, groundmass pyroxenes are either 
slightly less calcic (JT168D) or more iron-rich (JT160) than the rims of 
the phenocrysts; in a relatively coarse-grained lava (JT254) groundmass 
pyroxene Is zoned towards ferroaugite (Ca33Mg36Fe 31 ). 
In one analysed rhyolite (JT112), chosen to be representative, the 
pyroxene phenocrysts are mostly ferrohedenbergites (Ca 43Mg5Fe52), but 
ferroaugites (Ca40Mg26Fe34 ) occur. 	The latter are an unexpectedly 
magnesian phase In an acid rock. However, since they do not show any 
signs of disequilibrium It is concluded that they are cogenetic 
crystals. 
3.2.2. Minor intrusions 
In the basic dykes and sheets pyroxene phenocrysts are all diopsidic 
augites with rims of more iron-rich augite; common compositions are the 
same as those for the lavas. Where analysed the compositions of the 
F1.Li 
105 
groundmass pyroxenes overlap with those of the augite phenocrysts. The 
groundmass augites themselves display slight "normal' zoning, 
occasionally with rims of subcalcic augite (JT197). 
In the minor intrusions of intermediate composition, pyroxenes are 
apparently confined to the groundmass. Where analysed (JT136, Si02 59%) 
they have been found to be augites (Ca35149 44Fe21 ), somewhat more 
iron-rich than most in the basic rocks, and with slight normal zonation. 
One is sufficiently calcic to have a composition closely approaching 
saute; possibly this is a xenocryst. 
In a glassy acid dyke (JT267B) three kinds of pyroxene phenocrysts occur 
(sect.2.3.3). 	All are considerably more iron-rich than those of the 
basic and intermediate rocks. 	Calcic augite, approaching salite in 
composition (Ca44Mg3 1 Fe25 ) occurrsin a glomerocryst with plagioclase. A 
less calcic augite, occuring as small euhedral microphenocrysts, has a 
composition close to that of ferroaugite. Finally, there are 
orthopyroxene microphenocrysts of the composition Ca 3Mg41 Fe55 . They are 
an unusual phase in an acid rock where Fe-pigeonite would be the 
expected low-Ca pyroxene; possibly presence of water in the magma may 
have caused crystallisation of low-Ca pyroxene below the pigeonite - 
orthopyroxene inversion curve. In the Króksfjdrdur extinct volcanic 
center (Tertiary, west Iceland) both tholelitic and calc-alkalic rocks 
were produced. Orthopyroxene phenocrysts are common in the acid rocks 
of the calc-alkalic suite and present, but subordinate to clinopyroxene, 
in the acid rocks of the tholeiltic suite (Jónasson, 1990). 
3.2.3. Major intrusions 
In the typical gabbros the pyroxenes are diopsidic augites (typically 
Ca41Mg46Fe13 - Ca38Mg44Fe 18 ) with rims which are more iron-rich (e.g. 
Ca36Mg41 Fe23 ) (JT214) and occasionally on the boundary of the subcalcic 
augite field (Ca25Mg49Fe26 ) (JT025). Subcalcic ferroaugite 
(Ca2 1 Mg32Fe47 ) occurs as anhedral infillings of a skeletal feldspar in a 
rock (JT214) with otherwise typical augite; probably this is a 
faster-quenched disequilibrium pyroxene but it is not a significant 
constituent of the rock. The only gabbro in which two discrete pyroxene 
phases have been analysed is the Geitafell- gabbro (.JT000). It contains 
the ubiquitous diopsidic augite and also possesses magnesiàn pigeonites, 
Ca 16Mg57Fe27 to Ca7Mg50Fe33, forming a metastable trend from the 
boundary of the subcalcic augite field towards less calcic compositions. 
They occur as elongate subhedral crystals which are parallel orientated 
and are (?mainly) found In the finer grained plagioclase-rich bands of 
the layered gabbro (sect.2.4.1.1). 
In the feldspar- enriched gabbros, the composition and zoning of the 
pyroxene is identical to that of the common gabbros. The pyroxenes show 
continuous zoning from diopsidic augite towards more iron-rich augite, 
sometimes followed by a drop in calcium towards subcalcic augite where 
the edges of the rims could be analysed (JT078). 
An exception to the above is, as in the case of the feldspars, provided 
by the gabbro xenolith: both phases show very restricted but apparently 
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reverse zoning; the interstitial pyroxene is highly diopsidic augite 
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Fig.3.5. Pyroxene and olivine compositions from selected rocks. Each 
graph shows all the analyses in one sample. Diamonds = olivines; 
filled squares = pyroxene cores; open squares = pyroxene margins. In 
pyroxene porphyritic rocks: squares = phenocrysts; crosses = 
groundmase crystals. Tie-lines between cores and their respective rims 
are shown where possible. 
JT000 Diopsidic augites and magnesian pigeonites in the Geitafell 
gabbro. 
JT020 Normally zoned diopsidic augites and olivine (Fo70) in a gabbro 
sample from Vidbordsfjall (unit A). 
JT046 Pyroxene microphenocrysts (filled squares) and less calcic 
groundmass pyroxene (crosses) in a porphyritic sheet. 
JT099 Normally zoned pyroxene phenocrysts (filled and open squares) and 
normally zoned groundmass pyroxene (+=centre, x-margin) in a 
porphyritic sheet. There is an overlap between the phenocryst 
compositions and groundmass crystal compositions. 
JT112 Ferroaugites (normally zoned) and f errohedenbergi tes in a 
rhyolite lava. 
JT197 Groundmass pyroxenes In a relatively coarse grained dyke (1P12). 
The augites are zoned to subcalcic augite. 
JT254 Groundmass pyroxene (normally zoned) and groundmass olivine 
(Fo40) in a relatively coarse grained lava (3111). 
JT2678 Augites, highly calcic and iron-rich, and orthopyroxenes 
(Ca3Mg39Fe58) in an acid dyke (IP11). 
JT273 Normally zoned pyroxene phenocrysts in a porphyritic sheet. 
A groundmass pyroxene (cross) is less iron-rich than the rims 
of the phenocrysts. 
JT329 Microphenocrysts of pyroxene and olivine (Fo40) in a lava (3111). 
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Fig.3.5. Pyroxene and olivine compositions fcom selected rocks. For 
discussiOn see opposite page. (moI7) 
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(Ca39Mg48Fe 13 ) with near diopsidic rims (Ca40949Fe 1 0) (which may have 
grown during a reheating of the xenolith ?). 
In the dioritic gabbro from Vidbordsfjall (JT279) the pyroxene 
(Ca36Mg44Fe20 ) is slightly more evolved than in the typical gabbros. 
This is accompanied by pseudomorphs that are thought to be after 
pigeonite. 
Pyroxenes from the acid intrusions are wholly pseudomorphed and hence 
not available for analysis. 
3.2.4. Al and. Ti in the pyroxenes 
The "typical augites" discussed in the following context are diopsidic 
augites ocurring mainly in the basic rocks, as well as more evolved 
augite compositions (with lower Ca- and higher Fe contents) found in the 
intermediate rocks (as phenocrysts) and in the basic rocks (mostly as 
zoned rims). 
Augites with distinctly high Fe and Ca content (close to the salite 
field) occur in an acidic dyke (JT267B). Their composition, including 
Al and Ti contents, Is comparable to that of the ferroaugites below; 
these two pyroxenes are similar although they classify as augites and 
ferroaugi tee respectively. 
A1203 : 	In the typical augites A1203 content varies from 0.64 to 5.86 
wt%, i.e. 0.029 to 0.266 CPU (cations Al per formula unit). The whole 
range is seen in the typical augites of the lavas and minor intrusions, 
jOq 
whereas those of the gabbros show a narrower range: 0.046 - 0.181 CFU. 
However- , magnesium pigeonites and subcalcic ferroaugites occurring in 
the gabbros have slightly lower and higher Al contents respectively. 
The ferroaugites and ferrohedenbergites have distinctly lower Al 
contents than the typical augites, generally ranging from 0.021 - 0.046 
CFU. Rare orthopyroxenes (JT267B) have the lowest Al content of all the 
pyroxenes, ranging from below detection limits to 0.010 CFU. These 
pyroxenes all occur in acidic rocks. 
In the porphyritic rocks, the Al content of the groundmass pyroxenes is 
similar to that at the phenocrysts; there is no systematic difference 
between the two. 
The ratio of Al' 1 to Al 	is low for the typical augites, both in the 
gabbros and in the lavas and minor intrusions; it is typically between 
0.02 - 0.30. It is higher for the subcalcic ferroaugites: 0.6 - 1.4; 
and for the magnesium pigeonites all aluminium (0.039 - 0.115 CFU) must 
be allocated to the octahedral site (A1 11 ). 
For the ferroaugites and ferrohedenbergites the Al" 1 / Al" ratio is 
high, typically >1 and in one instance all the Al (0.021 CFU) is 
octahedral. In the orthopyroxenes octahedral aluminium is usually 
negligible, but the ratio of Al' 1 to Al' can be as high as 0.7. 
T102 : In the typical augites, Ti02 content ranges from 0.2 to 2.8 wt%. 
Again, the range is narrower for the typical augites of the gabbros than 
the lavas and minor intrusions (0.5 - 1.8 wt% T10 2 ), although rims of 
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subcalcic augite in the gabbros possess slightly lower values and the 
subcalcic ferroaugites somewhat higher values. 
Other analysed pyroxenes have distinctly lower Ti02 contents (0.1 to 0.3 
wt%). These are orthopyroxenes, ferroaugites and ferrohedenbergites 
from the acidic lavas and intrusions and magnesium pigeonites from a 
gabbro. No correlation with CaO, MgO or FeO content is seen. 
3.3. Other phases 
3.3.1. Olivine 
All olivine compositions are shown in Fig.3.5. 	The analyses are 
reported in Table 111.3. 
Olivine is scarce in the Geitafell rocks. 	In some gabbro samples, 
however, divine is a minor phase. It is often extensively altered, but 
was in one case analysable (JT020) and found to be relatively magnesian 
(Fo70 ). 
In the BI and 811 lavas and In most of the minor intrusions olivine Is 
absent, except for a few pseudomorphe which may be xenocrystal. In the 
Bill succession, however, olivine is a significant constituent in three 
out of the six lavas studied. Some of their supposed feeder dykes 
(1P12, sect.2.3.1) also contain olivine (JT248). Olivines from two of 
the lavas were analysed and In both cases have a composition of c. F040 . 
Both the lavas are basic (S1 2 46-48%, MgO 5-6%) and an olivine 
composition comparable to that of the gabbros would be expected. 
One of these two lavas was sampled by Fridleifsson (see sect.1.4) in 
Efstafellsgil (JT329); it contains relatively fresh olivine 
microphenocrysts (F041 _44 ), subordinate to plagioclase (An 8546) and 
pyroxene (Ca38Mg48Fe 14 - Ca36Ng45Fe 1 9) which are of typical basic 
compositions. 	In the other lava (JT254), sampled in NLIpar, olivine 
(F038_ 41 ) is a minor groundmass phase (<<0.1 mm). 	These groundmass 
olivines are slightly more fayalitic than the olivine microphenocrysts 
in JT329. 	The composition of other groundmass phases is relatively 
evoIved:plagioclase An37_23 , pyroxene Ca36Mg42Fe 1 9 - Ca33Mg36Fe32. 
In the alkaline series olivine is an important phase. 	The olivines 
above, especially where the olivine is a grounänass constituent, might 
be taken as indicators of alkalinity. However, the alkali content of 
these lavas does not differ from that of the other basic rocks of the 
Geitafell suite (Na 20+K20 = 2-3%). 
No olivines were identified in the acid and intermediate intrusions and 
lavas, but they may have been overlooked. In these rocks relatively 
iron-rich olivines would have been expected; in tholeiitic suites there 
is often a compositional (and modal) gap between olivines of the more 
and less evolved rocks due to the instability of relatively magnesian 
olivines in increasingly silica-rich magma (McBirney, 1984). 
3.3.2. Opaque oxides 
In the lavas and minor intrusions exsolution phenomena of the primary 
opaque phases are difficult to detect due to the relatively fine 
112 
grain-size. 	In apparently homogenous crystals the Ti02 content is 
commonly c. 20% (Appendix III: JT112,168D,225). 
In one relatively coarse grained sheet (JT273) a single chrome-spinel 
(Cr203=28%, included in a microphenocryst of pyroxene, was analysed 
(Appendix III). Apart from this, analyses of opaque oxides always have 
low Cr203 contents (<0.1%); this chrome-spinel is the only exception in 
the whole suite of rocks from Geitafell and may repre5ent a xenocryst 
derived from a more primitive host. 
The opaque oxides of the gabbros have the ilmenite fraction exsolved as 
highly reflective bands (about 20% of surface), usually forming a 
triangular pattern within a Ti-magnetite host. 
In one instance (JT214) a large skeletal ilmenite coexists with smaller 
octahedral opaque oxide composed of Ti-magnetite. 
For analyses of opaque oxides see Table 111.4. 
3.3.3. Blotlte 
The Geltafell suite, being poor in potassium, rarely contains biotite. 
However, an analysis of biotite in a microgranitic vein (sect.2.3.1) is 
given in Table 111.3. 
3.3.4. Glass 
Silica-rich glasses were analysed in the interstices of an intermediate 
lava (JT225) and two intermediate intrusions. The glassy groundmasses 
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Pig.3.6. 	Glass compositions (normative compon.,('t%) plotted in the 
system Ab-Si02-Or. Triangles: the glassy groundmãss of rhyolitic rocks. 
Circles: the interstitial glass of intermediate rocks. Approximate 
position of the alkali feldspar - silica boundary curve at 1 atmosphere 
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Fig.3.7. 	An alkali - silica diagram for residual glasses and their 
parent rocks. Filled symbols: whole-rock compositions; open symbols: 
glasses. Solid lines connect Geitafel.l data: squares = a gabbro, 
circles = intermediate rocks, stars = rhyolitic rocks. Dotted lines 
connect data from other provinces (triangles): N = an alkali basalt 
from New South Wales; B = tholeiite basalt from Cratère Bory, éunion; 
K = the Kinkel) tholeiite, Stirlingshire; E = the Eslcdalemuir tho]eiite: 
D = the Kap Daussy tholeilte dyke. East Greenland (from Upton and 
Wadsworth. 1971'. 
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of two rhyolitic rocks, a lava (JT112) and a dyke (JT267B), were also 
analysed. These glasses are of a similar composition (see Table 111.5) 
and can be presented in the system Si02 - Albite - Orthoclase (Fig.3.6). 
The glasses of the rhyolitic rocks plot above the alkali feldspar - 
silica boundary curve; in the primary phase field of tridymite. The 
glasses of the intermediate rocks plot below, but close to the boundary 
curve.. 
Silica-rich glass was also analysed in the interstices of a gabbro 
(3T025), but it is too CaO-rich to be plotted in Fig.3.6. Its 
composition is similar to that of a sodic andesine feldspar, only more 
siliceous (Table 111.5). 
An alkali-silica diagram (Fig.3.7) shows all the glasses (6 analyses) 
and their respective parent rocks, as well as such data from five other 
provinces for comparison. In every case the glasses are more alkalic 
than their parent rocks, except for the two rhyolites from Geitafell. 
Their glasses plot at lower alkali-values. The totals of these two 
glass analyses are relatively low (Table 111.5) which suggests 
volatilisation during micro-probe analysis. Selective loss of alkalis 
explains their deviant plotting in both Fig.3.7 and Fig.3.6. 
Otherwise, Flg.3.7 shows independent trends of silica- and alkali 
enrichment in residual glasses. The trend of the gabbro (JT025) from 
Geitafell is close to the trend of the Kap Daussy tholelite dyke. 
However, the interstitial glass of the gabbro shows greater enrichment 
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of both silica (longer trend) and alkalis (steeper trend) than the Kap 
Daussy glass. 
The intermediate rock from Eskdal emu ir is distinctly less alkalic than 
the ones from Geitafell, and the enrichment of its glass is less 
pronounced. The Crat ire Bory and Kinkell tholeiites, however, exhibit 
trends similar to the trends of the Geitafell intermediate rocks, 
although at less evolved compositions for both rocks and glasses. 
The alkali basalt (from New South Wales) shows, as expected, a trend of 
considerably greater alkali enrichment for its residual glass than any 
of the Geitafell rocks. 
CHAPTER 4 WHOLE-ROCK CHEMISTRY 
4.1. Introduction 
The Gitafell rocks are hypersthene-normative, showing a trend towards 
high-silica rhyolites. That is, despite generally being a one-pyroxene 
suite, this olivine-poor assemblage is clearly of tholeiitic affinity. 
On an alkali-silica diagram (fig.4.1) compositions lie below the alkalic 
/ subalkalic divide (Irvine and Baragar, 1971) on a trend parallel to 
that of the Thinginüli volcanic complex (Carmichael, 1964) but at 
slightly higher alkali contents. 
For comparison, the Hekla- (Recent, transitional), Thingmli- (Tertiary, 
tholeiitic) and Krafla- (Recent, axial-rift tholeiitic) trends are shown 
on the alkali-silica diagram (fig.4.1). The fields of Krafla basalts 
and Hafnarf jai l-Skardsheidi basalts (Tertiary, tholeiitic) are also 
shown; the trend of the latter is similar to the Geitafell trend. The 
Kraf Ia rocks have the lowest alkali-silica ratio; there Is only slight 
overlap between the field of Kraf Ia basalts and that of Geitafell. The 
Hafnarf jai l-Skardsheidi basalts are commonly more siliceous than those 
of Geitafell; the Hekla basalts are highest in alkalis. 
The 	Geitafell 	lavas 	and 	minor 	intrusions, 	defining 
°liquid-lines-of -descent, show a Daly-gap; 	this is greater for the 
lavas (56 - 71%) than the minor intrusions (61 - 68%). 	Collectively, 
the lavas, minor as well as the major intrusions create a coherent trend 
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Fig.4.1. 	Total alkalis versus silica (wt%) for all Geitafell rocks. 
The divide between alkalic (A) and subalkalic (SA) rocks is indicated 
(Irvine and Baragar, 1971). H = the trend from Hekia (Gunnarsson. 
1987): Th = the trend from Thingmcdi (Carmichael, .1964): K = the trend 
from Krafla and the field of Krafla basalts (Nicholson, 1990): HS = 
the field of basalts from Ha±narfjaH-Skardsheidi (Franzson. 1978). 
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contents, commonly 2 - 4%, than the basaltic lavas which cluster at 2.2 
- 2.8%. Basic major Intrusions - i.e. the gabbros, (which are not given 
a specific symbol but are easily distinguished on the Harker diagrams as 
having <51% S102) tend to have low alkali contents (1.9 - 2.4%). 
Two gabbro samples are very low in silica (42 - 43%) but relatively high 
in alkalis. They are also deviant in other respects; their low Si0 2 
content does not reflect a liquid composition and is attributed to the 
relative enrichment of FeTi-oxides for one (JT202, Stóra-DIma, see 
chapter 2) and pyroxene ± FeTi-oxides for the other (JT311, a gabbro 
pegmatite with abundant poiki I itic ci inopyroxene). 
On an AFM diagram (fig.4.2) the Geltafell data form a curved trend 
indicating initial iron-enrichment before a decrease In iron in the more 
evolved rocks. However, all the most magnesian compositions are 
gabbros, likely to reflect cumulates, and hence the most primitive 
magmas of the Geitafeli suite, represented, by samples from the minor 
intrusions, appear to have been already relatively highly evolved. All 
the most iron-rich compositions are lavas. Rocks considered to have 
been enriched in plagloclase (see definition below) cluster away from 
the main trend at lower Fe-values as would be anticipated. For 
comparison, the Skaergaard-, Thingmll- and Hafnarfjall-Skardshezdi 
trends are shown. Iron-enrichment in the Geitafell lavas is slightly 
greater than in the ThingnUil- and HafnarfJall-Skardsheiti basalts but, 
as expected, considerably less pronounced than in the Skaergaardlicuic1. 
M 
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Fig.4.2. An MM diagram for all Geitafell rocks. Sk = the trend from 
Skaergaard (Wager and Deer, 1939); 	Th = the trend from Thingrrnili 
(Carmichael, 1964); 	HS = the trend from Hafnarfjall-Skardsheidi 
(Franzson, 1978). A = Na20+K20 (wt%), F = total iron as Fe 203, H = MgO. 
For key to Geitafell data see figure 4.1. 
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In a diagram of the normative components di, hy, 01 and 0 (fig.4.3) the 
Geitafell basaltic lavas and minor intrusions plot close to, but mainly 
below, the cotectic curve for basaltic liquids in equilibrium with 
olivine, plagioclase and clinopyroxene at 1 atmosphere, i.e. towards 
higher pressure cotectics. The field of Veidivätn tholeiitic basalts 
(Recent, axial rift zone) is, in contrast to the Geitafell data, 
symmetric around the cotectic. A plausible explanation is that the 
Geitafell rocks equilibrated in a relatively high-level magma-chamber, 
but at deeper crustal levels than the Veidivötn tholeiites. 
For clarity, the gabbros are omitted; 	they are, however, mostly 
ol-normative and usually higher in normative diopside than the basalts 
as the field of common gabbro compositions, shows. The lavas are 
qz-normative except for 6 samples, slightly to moderately ol-normative, 
4 of which are from basalt lava unit III. Conversely, the minor 
intrusions are either qz-normative or 01-normative (in roughly equal 
proportions) and are of more diverse composition with regard to these 
four components than the lavas. 
((It Is interesting that with one exception only the cl-normative 
basalts (lavas and minor intrusions) plot below the 1 atm cotectic 
(higher pressures) whereas the qz-normative basalts (lavas and minor 
intrusions) scatter somewhat above the cotectic. The change (from below 
only to below A= above) coincides exactly with the intersection of the 
cotectic with the di-hy join. Judging from the position of the highly 
feldspar porphyritic minor intrusion JT342 (symbol: a star), which is 









Fig. 4.3. 	CIPW-normative di. hy, ol and 0 rtn, basaltic lavas and 
minor intrusions; 	a field of common gabbro compàsitions is incluaea. 
The data for the representative Veidivötn tholeiites was compiled by 
Macdonald et al.. 1990, (own analyses: Jakobsson, 1979; McGarvie, 1985; 
Mork, 1984), selecting analyses of non-accumulative lavas and matrix 
glass. The cotectic curves at 1 atmosphere and 9 kb (anhydrous) are for 
the equilibria olivine + plagioclase + clinopyroxene + natural basic 
liquid (Thompson, 1981, fig.2). 
Key to Geitafell data: 
diamonds = cl-normative lavas 
squares = qz-normative lavas 
crosses = ol-normative minor intrusions 
x = qz-normative minor intrusions. 
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above the cotectic in the di-hy-qz diagram is possibly due to 
plagioclase- enrichment (less pronounced than in JT342); which leaves 
liquid-representatives amongst the basalts all plotting below the 1 atm 
cotectic curve.)) 
Rocks with >22% A1 203 are given a different symbol. These rocks have 
high modal plagioclase (45 - 55% for the porphyritic rocks and typically 
>70% for the gabbros) and their nature can only be explained in terms of 
plagioclase enrichment. 	Figures 4.4.a, 4.4.b and 4.4.c show A1 203 vs 
Si02 for each of the groups; 	the composition of basic plagioclase 
(An82 ) is indicated. 	It is obvious from the near vertical arrays that 
these marked samples are only the rocks most enriched in plagioclase; 
many more have undergone plagioclase- enrichment, especially amongst the 
intrusions (figs 4.4.b and C). However, to mark only these is 
considered sufficient, for any linear array (away from the main 
"line-of-liquid-descent") which includes these samples can be identified 
as the result of plagioclase enrichment. The point is further 
emphasized by CaO vs 5102 (lavas and minor intrusions) and Sr vs Si0 2 
(major intrusions) (figs 4.4.d, 4.4.e and 4.4.f). 
Cox and Mitchell (1988) presented data for porphyritic and aphyric 
basalts from the Deccan traps, arguing that crystal settling (as opposed 
to convective fractionation) should still be regarded as significant in 
the evolution of basalts. They showed that the aphyric basalts have 
lower density than the (groundmass of) the porphyritic basalts, judging 
from iron-content, and from this they conclude that only the denser 
liquids were able to bring suspended crystals to the surface, 
An82 An An 82 82 
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discriminating strongly in favour of plagioclase - the least dense solid 
phase. By Implication, ferromagnesian minerals have been selectively 
lost from the porphyritic magmas by crystal settling, and all 
crystallising phases have been lost from the less dense aphyric magmas. 
This could be the case in Geitafell, where the whole suite is shown to 
have undergone divine-, plagioclase-, clinopyroxene- (±. Cr-spinel, ± 
Cu-sulphide) fractionation and the porphyritic rocks contain almost only 
plagioclase phenocrysts. The highly porphyritic rocks described above 
provide an additional evidence regarding the suspension of plagioclase 
phenocryst5 (leading to the selective gravitational removal of the 
denser phases) in some of the Geitafell basaltic liquids. However, an 
estimate of the relative density of the liquids, based on the 
iron-content of the groundmass, has not been attempted. 
Silica was chosen as a co-ordinate for the variation diagrams for the 
Geitafell suite in preference to MgO since the range in magnesia 
composition is very narrow (mostly 16.5%, maximum 7.4%). Additionally, 
the basaltic plagioclase- enriched rocks would plot at intermediate MgO 
values, which would be misleading, and the trends of plagioclase-
enrichment would be semi-parallel to the "liquid-line-of -descent" and 
therefore more difficult to detect. Si02, however, does not 
distinguish very well between more and less evolved basalts and where 
required, diagrams using MgO as a co-ordinate are provided also. 
4.2. Major element variations 
Arrays attributed to plagioclase concentration are found on most 
variation diagrams for the Geitafell suite. Apart from these arrays 
CaO, MgO, Fe203tot (total iron as Fe203 ) and Ti02 (figs 4.5.a, 
4.5.b 4.6.a, 4.6.b) show smooth curvilinear trends of decreasing 
abundance with increasing Si02. MnO (fig.4.7.a) shows a similar trend 
but with considerably more scatter. These trends indicate that not only 
plagioclase and pyroxene (±. olivine), but also titanomagnetite were 
crystallising throughout the whole range of magmas represented at 
Geitafell; titanomagnetite, however, did not start crystallising until 
in the more evolved basalt compositions as will be shown in the 
following sections. The early increase in Fe 203, Ti02 and ± MnO is 
obscured , on the Harker diagrams because of the incompetence of silica 
(see above) and because of the fact that the early low Fe 203-, low T102 
and low MnO rocks plot within the arrays of plagioclase enrichment, 
which on these diagrams (as opposed to CaO/S102 ) trend towards low 
values. 
Considering basalts only, the cluster of common lava compositions 
reaches higher Fe203tot-, Ti02- and MnO values than does that of the 
minor Intrusions. Conversely, on the MgO graph the role is reversed, 
and the cluster of typical compositions for the minor intrusions reaches 
higher values than that for the lavas. 
For the data as a whole A1203 shows a very slight decrease with 
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Fig.4.5. a) CaO vs Si0 2 (wt%), key as in fig.4.I. 
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Fig.4.6. a) Fe 203 vs Si02 (wt%), key as in fig.4.1. 
b) T102 vs Si02 (wt%), key as in fig.4.1. 
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Fig.4.7. a) MnO vs Si02 (wt%), key as in fig.4.1. 
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Fig.4.8. a) K 20 vs Si02 (wt%), key as in fig.4.1. 
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Fig.4.9. a) p205 vs Si02 (wt%), key as in fig.4.1. 
b) P205 vs MgO (wt%), key as in fIg.4.1. 
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is attributed to plagioclase fractionation. 	However, for the minor 
intrusions (see fig.4'.4.b) the A1 203 content is almost constant. 
1(20 shows a definite positive correlation with Si02 (fig.4.8.a), 
although the trend shows a fair amount of scatter, almost certainly due 
to secondary alteration effects. Na20 exhibits considerably more 
scatter (fig.4.8.b), although a general increase with increasing S102 is 
again discernible. It follows that K20 remained incompatible throughout 
the differentiation of the Geitafell suite, which is in agreement with 
the absence of alkali feldspar phenocrysts (chapter 3). 
P205 does not display any straightforward correlation with Si02 
(fig.4.9.a). However, if only the lavas and the minor intrusions are 
considered a pattern emerges; after an Initial scatter of up to 1.6% in 
the basic rocks, P205 decreases sharply from about 53% Si02 to values of 
0.01% in the rhyolitic compositions. 
For comparison, plot of P205 vs MgO (fig.4.9.b) shows that phosphorus 
increases slowly from about 0.1% to 0.56% (corresponding to 47.5% Si0 2 ) 
while MgO decreases from about 7.4% to 4.8%, it increases sharply after 
that to reach the maximum of 1.6% at about 4.2% MgO, and then decreases 
smoothly. Apparently apatite fractionation commenced when the MgO 
content of the liquid was about 4.2%, at which stage the Si02 content 
was about 53%. The plagioclase- enriched samples (filled symbols) are 
distinct in their low 205  content (<0.2%) and intermediate MgO content 
(1.9 - 3.7%). 
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On the P205 diagrams the gabbros, the basaltic minor intrusions and the 
lavas cluster at different P20 5 contents; 	the gabbros lowest (0.02 - 
0.15%) and the lavas highest (0.30 - 0.55%). 	The lavas also reach a 
higher maximum than the other groups. 
In all these diagrams, the two low-Si02 samples are usually deviant, but 
in agreement with the explanations given above. Two Intermediate (about 
54% Si02) samples which often deviate slightly are JT248 (1P12 late 
dyke) and JT135A (margin of the Geitafell gabbro). The latter might 
represent a segregation of a more felsic component from the gabbro 
intrusion, whereas the geochemistry of the dyke remains unexplained. 
Both samples were described separately in chapter 2. 
4.3. Trace element variations 
Cu, Cr and Ni, which could have been expected to show steep decline with 
rising silica due to fractionation of sulphides, spinels and olivine, 
all show a great scatter in the basic rocks but remain at more or less 
constant low values in the more evolved compositions (figs 4.10.a, 
4.11.a, 4.12.a). As has been noted earlier, Si02 is a poor 
differentiation indicator for the basic rocks and figures 4.10.b, 4.11.b 
and 4.12.b where MgO Is used as abscissa reveal a more systematic 
change, especially for Ni. 
Ni content (fig-4.12.b) decreases steadily from 90 to 15 ppm while MgO 
decreases from about 7% to 3.5%, but scatters between 1 and 11 ppm after 
that. On the Cr vs MgO diagram (fig.4.11.b) scatter is as great for the 
133 
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Fig.4.10. a) Cu (ppm) vs Si0 2 (wt%), key as in fig.4.1. 
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Fig.4.15. a) Ba (ppm) VS Si02 (wt%), key as in fig.4.1. 
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Fig.4.16. a) La (ppm) vs Si0 2 (wt%), key as in fig.4.1. 
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Fig.4.18. a) Th (ppm) vs S10 2 (wt%), key as in fig.4.1. 
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intrusive rocks as on the Cr vs Si02 diagram whereas the lavas have a 
clear trend at (typically) lower values with Cr content decreasing from 
170-2 ppm while MgO decreases from 6.5 - 3.4%. On the Cu vs MgO diagram 
(fig.4.10.b) an overall decrease with decreasing MgO can be discerned, 
probably due to the fractionation of immiscible sulphide liquid. 
However, seven samples with >200 ppm Cu are fairly evolved (MgO 5.5 - 
6.0%) and their Cu enrichment is attributed to secondary sulphides 
(Fridleifsson, 1983) although this has not been verified 
petrographically. 
The plagioclase- enriched rocks are distinct in their slightly high Ni, 
Cr and (less clearly) Cu content at intermediate MgO content (1.9 - 
3.7%); this is an artefact of the lowering of MgO content (and Ni-, Cr-
and Cu content) by feldspar dilution. 
High Cr contents (200 to 330 ppm) are only attained by the gabbros. The 
three samples which have the highest Cr all have high NI contents and 
two contain modal olivine; chrome-spinels are probably included in the 
olivine but were overlooked due to its alteration (chapter 2). Ni 
contents, however, are rather low for the whole Geitafell suite (<90 
ppm), which is in agreement with the generally evolved status for the 
rocks of this volcanic complex. 
Sr, Sc and V show decreasing abundance with increasing Si02 , confirming 
plagioclase, pyroxene and titanomagnetite fractionation respectively 
(figs 4.13.a, 4.13.b, 4.14.a) As in the case of Fe203, T102 and MnO, 
however, an initial increase In V is obscured. 	It is revealed in 
FLL1 
sections 4.4 and 4.5 that titanomagnetite did not become a fractionating 
phase until in the more evolved basalt compositions. 
Zn, expected to behave similarly to V, exhibits almost total scatter 
(fig.4.14.b), although slight overall decrease with increasing Si02 can 
be discerned. The lavas, with the exception of one rhyolite (JT112), 
show a continuous decrease in Zn (to 95 ppm) with increasing silica 
after initial scatter (up to 175 ppm) in the basalts. 
The Sc and V (and, less clearly, Zn) diagrams have near vertical arrays 
of plagioclase-enriched samples separating from the main 
"liquid- line-of -descent" and extending towards low concentrations marked 
by the most feldspathic samples (filled symbols). The effect is 
reversed on the Sr diagram, where the plagioclase-enriched samples are 
restricted to high Sr contents (2 c. 400 ppm). Sr content decreases 
slightly while S102 increases from 51 - 68%, but falls sharply after 
that to about 50 ppm in the rhyolitic compositions. This may reflect an 
increase in the KDvalue for Sr in plagioclase with falling temperature 
(Sun et al., 1974). 
Low Sr contents (220 - 275 ppm) shown by many basalts (both lavas and 
minor intrusions) are more difficult to explain; the concentrations 
reach considerably lower values than those in the intermediate rocks 
(275 - 340 ppm). 	No correlation with CaO or A1203 is seen, hence 
plagioclase depletion can be excluded. 	However, the temporal and 
spatial distribution of these low-Sr basalts is not erratic. 	In the 
case of the lavas the low Sr contents are almost exclusively found in 
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Basalt Lava Unit I (oldest), whereas the intermediate lavas (basaltic 
andesites) are mainly found in Basalt Lava Unit II. Scarcity of 
intermediate rocks is possibly to some extent responsible for this 
apparent inconsistency (i.e. a partial increase in Sr content with 
increasing silica in a suite controlled by plagioclase fractionation). 
Intermediate lavas in BI probably have correspondingly low Sr, creating 
a coherent, if broader, trend. In the case of the minor intrusions the 
low Sr contents are mainly found in the late doleritic dykes of 
intrusive phase 12 whereas the intermediate rocks are represented by low 
angle sheets, mainly of intrusive phase 4. It is argued elsewhere 
(sect.4.6) that the 1P12 dykes may not be cogenetic to the Geltafell 
suite. 
V contents in the basaltic lavas commonly reach higher values (480 ppm) 
than in the minor intrusions (430 ppm); this observation accords with 
that in the Fe203tot-, Ti02- and MnO variation diagrams and the AFM 
diagram. Sr contents in the lavas (1310 ppm) are typically lower than 
in the minor intrusions (1350 ppm). 
As for incompatible trace elements, Ba, Rb, La, Ce and Nb show clear 
trends of increasing abundance with increasing S102 (figs 4.15.a, 
4.15.b, 4.16.a, 4.16.b, 4.17.a); Nd, Th, Pb, Y, and possibly Zr also 
show positive correlations but with more scatter (figs 4.17.b, 4.18.a, 
4.18.b, 4.19.a, 4.19.b). 
Excluding Th and Pb (less reliable considering analytical precision and 
mobility during alteration processes), the general picture is that (i) 
1'i6 
scatter is greatest for the minor intrusions and (ii) the lavas have 
slightly higher contents of these elements than the major intrusions at 
any given 5 1 02. 
The Zr content in the lavas, however, reaches a maximum of 517 ppm at c. 
51% Si02 and then decreases slightly to about 441 ppm in the rhyolites 
(fig.4.19.b). 	This behaviour is probably attributable to zircon 
fractionation. 	Such fractionation is also indicated for the major 
intrusions but less clearly; 	the trend levels off at about 55% S102. 
In the minor intrusions Zr content scatters to both high and low values 
as silica increases. 
The intermediate lavas (n = 4) richest in P205 are also distinctly 
richer in Y (75 - 90 ppm), as well as Ce, Nd, Nb, than the typical 
basalts (Y = 55 ppm). The rhyolites, however, have even higher Y 
contents (120 - 140 ppm), although the rate of increase is lower for the 
rhyolites than -the intermediate lavas (fig.4.19.a). Although apatite 
fractionation can be inferred from the behaviour of P205, the bulk 
extract appears to have had lower LREE and Y content than the.liquid and 
consequently La, Ce, Nd and Y concentrations continued to rise until 
crystallisation was complete. However, one rhyolitic lava (JT341) has 
low Ce, Nd and Y (Y = 65 ppm) in distinction to the general trend shown 
by the lavas. 
The plagioclase-enriched rocks have low Th, Pb, La, Ce, Nd, Zr, Nb and Y 
contents because of feldspar dilution. 
Q 
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Considering the basic rocks only, the gabbros, minor intrusions and 
lavas are seen to cluster at different element concentrations on the Y, 
Zr 
Ce, Nd, Nb, Zn,Jand (less clearly) La diagrams. As on the P 205 vs Si02 
graph, the gabbros have the lowest values and the lavas the highest. 
The minor intrusions, however, scatter to higher values than the lavas. 
It is not certain that the overall distinction between lavas, minor 
intrusions and major intrusions reflects magmatic differences. The 
simple explanation may be that plagioclase enrichment is less common in 
the lavas than the minor intrusions (see figs 4.4.a, 4.4.b) and that 
plagioclase content may be relatively greater in the enriched gabbros 
than the enriched minor intrusions; thus creating a sequence of 
progressively more feldspathic and accumulative samples. 
Various feeder-relationships between lavas and intrusions suggested by 
Fridleifsson (1983) were summarised in section 1.3.3. Comparison of 
analyses from lavas and intrusive phases expected to be related did not 
reveal any very similar compositions, except in the case of JT112 and 
JT320 which have nearly identical trace element contents and are listed 
in table 4.1. 	Their incompatible element patterns (chondrite 
normalised) are congruent except for a slight difference in Rb. 	A 
difference In silica content, however, must be explained in terms of low 
totals and secondary silicification. Sample JTII2 is from Grasgiljaegg 
and is assumed to be representative of the voluminous rhyolite unit II 
(see sect.1.4.1). Sample JT320 is from an acid dyke of intrusive phase 
11, found In Geitafellsgil (the ravine between Geitafell and Midfell 
below Grasgiljaegg). Samples JT304 and 3T267B are also from IP11-dykes, 
JT112 JT320 JT267B JT304 
Sb2 73.24 76.13 73.47 69.30 
A1203 12.11 11.90 12.10 12.24 
Fe203tot 2.43 2.48 1.47 3.77 
MgO 0.02 0.05 0.11 0.33 
CaO 0.71 0.52 0.78 3.75 
Na20 4.29 3.92 3.90 3.31 
K2ö 3.46 3.43 4.02 2.68 
T1 2 0.15 0.16 0.17 0.26 
MnO 0.10 0.06 0.04 0.15 
P205 * 0.01 0.02 0.03 
Total 96.48 98.66 96.08 95.81 
LOl 3.7 4.0 
Ni 4 3 3 3 
Cr * * * * 
V 1 * 2 2 
Sc 1 * 2 4 
Cu * * * 
Zn 172 173 87 155 
Sr 60 59 60 89 
Rb 79 64 125 51 
Zr 451 452 243 654 
Nb 71 70 51 57 
B  528 543 496 538 
Pb 8 7 9 * 
Th 10 8 14 3 
La 85 89 57 76 
Ce 207 190 129 155 
Nd 101 102 64 82 
Y 120 119 81 125 
Table 4.1. Analyses of a rhyolite lava (JT112) and three rhyolltbc 
dykes of intrusive phase 11. See text for discussion. 
1218 
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but they differ distinctly in composition from the lava. They are found 
in the Midfellsgll- and Kráksgil ravines respectively, further away from 
Grasgi ljaegg. 
4.4. Inter-element variation diagrams 
For the basic lavas and basic minor intrusions correlations between 
various incompatible elements are considered. The gabbros usually show 
good continuous trends at low values suggesting cumulate (and possibly 
to some extent adcumulate) origin; for clarity only fields of common 
gabbro compositions are shown. 
Ti02 shows strong positive correlation with P205 (fig.4.20.a) until it 
reaches 4.0 - 4.5%, at which stage the P205 content is about 0.56% 
(corresponding to Si02 about 47.5%); after that there is weak negative 
correlation between the two elements. The early increase in Ti02 shows 
that titanomagnetite was not a fractionating phase during the first 
stages of the differentiation of the Geitafell suite - a fact not 
evident from the Marker diagrams in sections 4.2 and 4.3. 
Ti02 content decreases from 4.5% to about 3% while phosphorus content 
continues to rise and is highest in two lavas which are close to being 
intermediate in composition (section 4.2). This proves that FeTi-oxides 
became a fractionating phase before apatite. It is evident from this 
diagram that the lavas typically have both higher titanium- and 
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Fig.4.21. a) K 20 (wt%) vs Rb (ppm) for all lavas and 
minor intrusions, key as in fig.4.1 
b) La vs Ce (ppm) for basic rocks only, key as in fig.4.20 
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Fig.4.22. a) La vs Y (ppm) for the basic rocks, key as in fig.4.20 
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Fig.4.23. a) Ce vs Y (ppm) for the basic rocks, key as in fig.4.20 
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Fig.4.24. Ce/Y vs Zr/Nb for the basaltic lavas and minor intrusions, 
key as in fig.4.20. 	Sn = alkali-basalts from Snaefellsnes, Kf = 
thoeiites from KróksfJôrdur, Vey 	alkali-basalts from Vestmannaeyjar, 
K = tholeiitic basalts from Krafla. The Snaefellsnes- and 
VestmannaeyJar data are from Hardarson, 1991a; the Króksfiördur data 
are from 1-lardarson, 1991b, the Krafla data are from Nicholson, 1990. 
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The gabbros can be divided into two groups on the basis of Ti0 2/P205 
(fig.4.20.a), i) typical gabbros with low phosphorus- (<0.17%) and low 
titanium contents (<1.5%) and ii) gabbros with relatively low phosphorus 
contents (<0.25%) but high titanium contents (1.5 - 6.7%), for which 
relative enrichment in FeTi-oxides is inferred. 
The 1(20 vs P205  diagram (fig.4.20.b) shows a fair amount of scatter, 
especially in the minor intrusions. It is evident, however, that the 
lavas typically have higher phosphorus content than the minor 
intrusions; high potassium contents 00.8%) are more commonly reached 
in the minor intrusions than the lavas. 
vs Rb (fig.4.21.a) for all lavas and minor intrusions (basic, 
intermediate and acid) shows a positive trend confirming the 
incompatibility of both elements throughout the differentiation of the 
Geitafell suite (sections 4.2 and 4.3). One amygdaloidal sample was 
omitted, its exceptionally high Rb content (240 ppm) is attributed to 
secondary alteration, as is the slight deviation of two samples with 
>100 ppm Rb. 
The La vs Ce (fig.4.21.b) and La vs Y. (fig.4.22.a) diagrams are similar, 
showing overall positive correlation but with considerable scatter which 
is attributed to the susceptibility of La to slight hydrothermal 
alteration. However, on the La/Y diagram the lavas are seen to have 
generally higher Y content 030 ppm) than the minor intrusions 018ppm). 
A possible explanation for the higher Y content of the lavas is that 
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they may be the products of a different melting event in the mantl.e 
source (larger degree of melting). 
The Zr vs Y (fig.4.22.b) diagram shows that the lavas are typically not 
only higher in Y, but also In Zr (lavas mostly >175 ppm, minor 
intrusions >100 ppm). Apart from two slightly deviant samples (JT027 
and JT316, both with relatively high LOl) these elements create a very 
clear trend, beginning at low values with the elongated field of typical 
gabbro compositions (20 - 125 ppm Zr, 5 - 25 ppm Y) and culminating in 
the two relatively evolved basaltic lavas (425 - 525 ppm Zr, 82 - 90 ppm 
Y). Plagioclase-enriched rocks from the lavas and minor intrusions plot 
within the gabbro field. 
Ce vs Y (fig.4.23.a) presents a similar case to Zr/Y, although the trend 
is less well defined (broader). Zr vs Nb (fig.4.23.b) is, again, very 
similar to Zr/Y with an even better trend. 
These features emphasise the incompatibility of Zr, Y, Nb and Ce in the 
basic rocks, which justifies the use of a plot of Ce/Y vs Zr/Nb to shed 
a light on the degree of melting in the mantle source. The two ratios 
should show negative correlation with the smallest partial melts from 
normal mantle phases having the highest Ce/Y and lowest Zr/Nb, 
irrespective of crystal fractionation (Fitton et al., 1988; 	Latin, 
1990). 	In fig.4.24 fields from other Icelandic volcanic centers are 
also shown: Snaefellsnes, Króksfjördur and Vestmannaeyjar representing 
small, but increasing, degrees of melting respectively; and Kraf I  
which represents large degrees of melting in an axial rift zone. 
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The implications of the Ce/Y vs Zr/Nb diagram are that the magma fed 
into the Geitafell magma chamber was the result of large degrees of 
melting in the mantle, comparable to that of Kraf Ia. A location in an 
axial rift zone is inferred. However, the Geitafell rocks have 
distinctly higher Ce/Y ratio, which indicates that the mantle source was 
richer in garnet than that of the present-day Kraf Ia volcanic center; 
retaining Y relative to Ce. Partial melt in9 look place ai deeper levels. 
4.5. Chondrite-normalised incompatible element patterns 
Two spiderdiagrams are provided, one for the lavas (fig.4.25.A) and one 
for the minor intrusions (fig.4.25.B), with five representative samples 
on each: a typical basalt with 11% phenocryst content, a typical basalt 
with moderate plagioclase phenocryst content, a basaltic andesite, a 
plagioclase-enriched basalt and a rhyolite. No diagram is presented for 
the major intrusions for reasons given at the end of this section. 
There is no significant difference between the chondrite-normalised 
incompatible element patterns of the lavas on one hand and the minor 
intrusions on the other. 	On each of the diagrams the two typical 
basalts (fig.4.25.A = JT090 and JT088; 	fig.4.25.B = JT093 and JT193) 
have very similar curved patterns with identical negative Sr anomalies; 
it follows that moderate variations in plagioclase phenocryst content do 
not seem to have any effect on the incompatible elements. 
The basaltic andesite shown on each plot (JT225 on fig.4.25.A and JT007 
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Fig.4.25. Incompatible element patterns (spiderdiagrams), 
concentrations normalised to chondrite after Thompson, 1982. 
A: Lavas. B: Minor intrusions. For samples see text. 
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at elevated values and with a greater Sr anomaly. Despite the larger 
negative Sr anomaly, the Sr content is higher than that of the typical 
basalts. The basaltic andesite has a lowered Ti content (a negative 
"Ti-anomaly"), whereas the typical basalt does not. These observations 
are consistent with continued plagioclase fractionation and the onset of 
FeTi-oxide fractionation. 
The intrusive basaltic andesite (JT007 on fig.4.25.B) has a slightly 
lower overall incompatible element content than the basaltic andesite 
lava (JT225 on fig.4.25.A). 
The plagioclase-enriched basalt on each graph (fig.4.25.A = JT328, 
fig.4.25.B = JT273) has a higher Sr content than all the other samples, 
complemented by lower values for almost every other element except for K 
and Ba; this produces flattened patterns. Rb values for the basalts in 
general (typical- and plagioclase enriched) are very variable, probably 
as a result of secondary alteration by hydrothermal solutions. 
The rhyolitic lava (fig.4.25.A = JT340) and the rhyolitic dyke 
(fig.4.25.B = JT267B) show very similar patterns with deep troughs for 
Ti, P and Sc- but elevated values (compared with all other samples) for 
all remaining elements except Zr. 	This is in agreement with the 
inferences concerning plagloclase-, 	FeTi-oxide and apatite 
fractionation, and late stage zircon fractionation. The LILE/FIFSE ratio 
is higher for the rhyolitic rocks than other samples. 
The gabbros have very variable incompatible element patterns, which 
reflect differences in modal mineralogy. 	The more siliceous major 
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intrusions have patterns very similar to those of the basaltic andesites 
and rhyolites. For these reasons, a spiderdiagram is not presented for 
this group of rocks. 
4.6. Rare earth element abundances (chondrite-normalised) 
REE patterns of all ICPS-analysed samples are presented in four graphs, 
one for each of the three groups (lavas, minor intrusions and major 
intrusions) and one which compares the basaltic samples. 
The lavas (fig.4.26) from Geitafel I have higher LREE/HREE than the 
Reykjanes tholelites. For the basaltic Geitafell lavas (shaded field) 
LREE abundances range from 42 - 60 x chondritic and HREE abundances from 
12 - 20 x chondritic, compared with LREE about 10 - 30 x chondritic and 
HREE about 10 - 15 x chondritic for the Reykjanes tholei.ites. 	The 
Geitafell basalts have narrower ranges in LREE/MREE (La/Sm 	1.4 - 1.5) 
than in LPEE/HREE (Ce/Yb = 2.8 - 3.7). MI have slight but variable 
negative Eu anomalies (Eu/Eu* = 0.97 - 0.91). 
Two basaltic andesite lavas (JT225, JT236) are enriched in all RE' 
elements relative to the basalts (LREE 105 - 117 x chondritic, HREE 26 - 
30 x chondritic) and both LREE/MREE (La/Sm = 1.5 - 1.6) and LREE/HREE 
(Ce/Ybn = 3.5 - 3.9) are slightly greater than those of most of the 
basalts. The two REE patterns are not perfectly parallel, JT236 (56% 
5i02 ) is more LREE enriched than JT225 (53% Si0 2). Eu anomalies are 
slight but distinct (Eu/Eu* = 0.90 - 0.88). 
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Fig.4.26. Rare earth element patterns for the lavas; the normalisation 
procedure is described in Appendix V. For labelled samples see text: 
the shaded field of Geitafell basic lavas is limited by JT254 (above) 
and JT168D (below). The field of Reykjanes tholeiites (and 
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Fig.4.27. Rare earth element patterns for the minor intrusions; 	the 
normalisation procedure is described in Appendix V. For labelled 
samples see text: the shaded field of Geitafell basic minor intrusions 
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Fig.4.28. Rare earth element patterns for the major intrusions; 	the 
normalisation procedure is described in Appendix V. For the samples see 
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Fig.4.29. Fields of rare earth element patterns of the basic rocks from 
each group. 	Horizontal shading = 1avas; 	vertical shading = minor 
intrusions; open field = gabbros. The field of Tor- fajokull 












Two rhyolite lavas (JT112, JT340) are enriched in all REE relative to 
the basaltic andesites except for Eu (Eu/Eu* = 0.45 - 0.39), with LREE 
abundances just above 200 x chondritic and HREE 42 - 55 x chondritic. 
LREE/MREE is greater than that for the basaltic andesites (La/Smn = 1.8 
- 1.9), whereas LPEE/HREE is more variable (Ce/Ybn = 3.1 - 4.2). 
The minor intrusions (fig.4.27) differ significantly from the lavas with 
regard to PEE patterns. Whereas PEE abundances of the basaltic minor 
intrusions (shaded) (LPEE 41 - 50 x chondritic, HREE 10 - 13 x 
chondritic) are comparable to those of the basaltic lavas, they are 
slightly lower (fig.4.29). 	In the more evolved compositions the 
difference is distinct; 	although the PEE abundances of the Intrusive 
basaltic andesites (JT005, JT007) (LPEE 81 - 94 x chondri tic, HPEE 18 - 
21 x chondritic) and the intrusive rhyolites (JT133,JT267B) (LREE 120 - 
146 x chondritic, HREE 29 - 34 x chondritic) are, as would be expected, 
higher than for the basaltic compositions, they are considerably lower 
than those of the corresponding lavas. Even an icelandite among the 
minor, intrusions (JT136, 59% SiO) (LREE 112 x chondritic, HREE 21 x 
chondritic) has lower PEE abundances than the basaltic andesite lavas, 
especially for the HPEE. 
single basaltic sample (JT260 on fig.4.27) has a flatter pattern than 
the other basic minor intrusions. It is the only PEE-analysed sample of 
intrusive phase 12, i.e. the late doleritic dykes which cross-cut all 
other Geitafell formations (chapters 1 and 2). REE abundances are for 
the LREE 37 x chondritic and for the HREE 15 x chondritic; LPEE/MREE 
(La/Smn = 1.4) is low but comparable to that of the basalts in general 
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whereas LREE/HPEE (Ce/Yb = 2.4) is lower than for any other Geitafell 
sample; a Eu-anomaly is negligible (Eu/Eu* = 0.99). This sample plots 
midway between the Geitafell basalts and the Reykjanes tholeiites 
(f i g. 4.26). 
In section 4.3. it was pointed out that the 1P12 dykes generally have 
low Sr contents. This is another indication that the intrusive phase 12 
may represent larger degrees of melting in the mantle, closer to 
LIL-depleted MORB in composition than other rocks of the Geitafell 
suite. Additionally, lower-Ca pyroxene (subcalcic augite) accompanies 
the ubiquitous diopsidic augite in the grounänass of a representative 
1P12 dyke (JT197, sect.3.2.), although an assemblage of orthopyroxene + 
clinopyroxene, indicative of strong tholeiitic affinity, was not found. 
Detailed analysis, however, of the geochemical characteristics of the 
1P12 dykes is not attempted in this study; preliminary examination 
suggests that, apart from PEE patterns and Sr contents, their major and 
trace element compositions are similar to those of the other minor 
intrusions. 
LREE/MREE is the same for the basaltic- and the basaltic andesite minor 
intrusions as for the corresponding lavas. However, the LREE/MREE of 
the intrusive icelandite (La/Sm = 1.9) is as high as that of the 
rhyolitic lavas, and the LPEE/MREE of the rhyolitic minor intrusions is 
even higher (La/Sm = 2.0 - 2.2). 
LREE/HREE is higher for the intrusive basalts (Ce/Yb = 3.7 - 3.9) and 
for the intrusive basaltic andesites (Ce/Ybn = 4.2) than for the 
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equivalent lavas. 	The LREE/HREE of the intrusive icelandite is very 
high (Ce/Ybn = 4.8), but for the intrusive rhyolites it is lower (Ce/Yb 
= 3.9 - 4.1) and comparable to that of the rhyolitic lavas. 
The general picture is that LREE enrichment in the minor intrusions is 
either equal to, or greater than, LREE enrichment in lavas of a similar 
major element composition. 
Eu anomalies are, in general, less for the minor intrusions than the 
lavas. They are negligible for the basalts (Eu/Eu* = 1.00 - 0.98), 
slight for the basaltic andesites (Eu/Eu* = 0.96 - 0.95), moderate for 
the icelandite (Eu/Eu* = 0.73) and moderate to strong for the rhyolites 
(Eu/Eu* = 0.70 - 0.36). 
The major intrusions presented in fig.4.28 are 	i) 	gabbros: JT020, 
3T045, JT270 and JT000, ii) a diorite from Kráksgil (JT266, S102 59%) 
and iii) a (micro)quartz-diorite from the intrusion by SudUrfljt 
(JT278, Si02 64%). The diorite from Kráksgil has higher REE abundances 
than the (more siliceous) quartz-diorite - a repetition of the 
discrepancy between the evolved compositions of the lavas and the minor 
Intrusions. The micro-granitic major intrusions (e.g. Grasgiljaegg) 
were not analysed for PEE. 
The gabbros have distinctly lower PEE abundances (LREE 9.4 - 25.0 x 
chondritic, BREE 3.2 - 7.6 x chondritic) than any of the Geitafell 
basalts (fig.4.29). Although they are enriched in LREE with respect to 
chondrites they are slightly depleted in LREE compared to the basalts 
(La/Sm = 1.2 - 1.4, Ce/Yb = 2.7 - 3.0). Their positive Eu-anomalies 
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are distinct (Eu/Eu* = 1.31 - 1.41) with one exception only (JT000, 
Eu/Eu* = 1.04) (fig.4.28). 
The (micro)quartz-diorite from Sudurfljót fits roughly into the 
compositional spectrum set by the minor intrusions, both in terms of REE 
abundances (LREE 126 x chondritic, HREE 23 x chondritic) and LREE 
enrichment (La/Sm = 2.3, Ce/Ybn = 4.8). Its Eu-anomaly is marked 
(Eu/Eu* = 0.57), but less so than in rhyolitic rocks (Eu/Eu*  commonly 
0.45 - 0.36). 
Similarly, the diorite from Kráksgil fits roughly into the spectrum set 
by the lavas, both in terms of REE abundances (LREE 131 x chondritic, 
HREE 29 x chondritic) and LREE enrichment (La/Sm = 1.7, Ce/Yb = 4.2). 
Its Eu-anomaly is small but distinct (Eu/Eu* = 0.86) and slightly 
greater than those of the basaltic andesite lavas (Eu/Eu* = 0.88 - 
0.90). 
As an example of a transitional series in Iceland, the Torfajôkull 
transitional mafic rocks (dotted field) are shown in fig.4.29. Their 
REE abundances are not uniformly higher than those of the Geitafell 
basalts, but they have considerably higher LREE/HREE. 
CHAPTER 5 DISCUSSION 
Crystal fractionation, is a major process in bringing about the 
differentiation of basaltic magmas. However, closed system 
fractionation is often inadequate to explain the degree to which 
incompatible elements are enriched in the most differentiated rocks. 
Furthermore, in some instances, isotopic data show that the 
differentiated rocks cannot be related to the associated basaltic rocks 
by crystal fractionation alone, - a process which does not alter 
isotopic ratios. 
Crustal contamination, by bulk assimilation, partial melting or 
metasomatism (selective material transfer) would, in almost all 
instances, produce a marked increase in the incompatible elements. 
Accordingly, in the British Tertiary Province an origin for the silicic 
rocks (reviewed by Thompson, 1982) involving crystal fractionation from 
basaltic parents combined with variable degrees of crustal contamination 
has been a consensus view (Bell, 1976; Thorpe et al., 1977; Meighan, 
1979; Walsh et al. 1979; Walsh and Clarke, 1982). A similar case has 
been argued for many Tertiary complexes in Greenland (Brown et al., 
1977; Myers, 1980; Upton et al., 1984). In the British Tertiary 
Province the contaminant Is usually Precambrian crust (Lewisian gneiss 
or Moine schist), which can be verified by isotopically. In an oceanic 
island environment the contaminant is oceanic crust, which is thinner 
and far less complex in composition and Isotopic characteristics than 
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continental crust. A problem is, however, that it is not easily sampled 
and local variations are mostly unknown. 
Green and Ringwood (1967) and Green (1971) postulated the genesis of 
primary magmas as due to fractional melting during diãpIric and 
adiabatic uprising of mantle material, the decisive factors for the 
resulting liquid composition being depth, degree of melt and the phase 
assemblage in the source-rock. However; O'Hara (1968) stressed that the 
primary magmas will invariably undergo crystal fractionation during 
ascent and that all erupted basalts will have been modified by such 
processes. 
Schilling (1973) and Hart et al.(1973), in addressing the difference 
between the LILE-depleted mid-ocean ridge basalts of the Peykjanes ridge 
and the relatively LILE-enriched basalts of the Icelandic axial rift 
zones, regarded fractional crystallisation as of slight importance and 
suggested two separate mantle sources: the melting of a LILE-enriched 
source, namely a deep-rooted mantle plume for the Icelandic basalts 
whereas the MORB are produced by large-scale melting of a depleted upper 
mantle (Cast, 1968; Kay et al., 1970). O'Hara (1973), however, pointed 
out that delayed ascent through the thicker. Icelandic crust gives 
greater scope for polybaric fractionation and showed that the 
differences in major, minor and RE element chemistry could be created 
via crystal fractionation of a single source, although the isotopic 
differences remained more difficult to explain. 
/ 
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O'Nions and Pankhurst (1974) and Sigvaldason et al. (1974) suggested 
isotopic disequilibrium during partial melting in a homogeneous upper 
mantle. Such disequilibrium, however, is unlikely (Hofmann and Hart, 
1975), and O'Nions et al.(1976) later advocated a heterogeneous mantle 
source. 
The concept of fractional crystallisation took on a new dimension when 
O'Hara (1977) and O'Hara and Mathews (1981) Introduced and developed a 
complex model of advancing magma chambers, periodically tapped and 
replenished while continuously fractionated. This open system 
fractionation, apart from being more realistic In many cases than the 
closed system, can considerably increase the concentration of the most 
incompatible elements whereas major elements tend to be buffered so that 
an overall basaltic chemistry is maintained. The ratios of supposedly 
incompatible elements can be changed. These features had conventionally 
been exclusively ascribed to differences in the mantle and/or mantle 
processes. 
However, many authors maintained that chemical differences in erupted 
basalts reflect differences in the primary magmas and Zindler et al. 
(1979) and Wood (1981) proposedsmall-scale heterogeneities In the 
mantle to explain variability in basalts from the Reykjanes peninsula. 
Fitton and Dunlop (1985) and Fitton and James (1986) presented and 
advanced the idea of a "streaky" mantle, weakening the case for mantle 
metasomatism. According to their model, both the mid-ocean ridge 
basalts and the basalts of intraplate volcanism (oceanic and 
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continental) originate within the convecting upper mantle. 	It is 
described as being grossly homogeneous but containing small-scale 
heterogeneities which are drawn out into streaks by convection; they 
were generated by earlier intraplate magmatism or by subduction of 
oceanic crust. Whereas large-degree melting at mid-ocean ridges will 
effectively homogenize the mantle and produce MOPB, small-degree melting 
will produce the chemically and Isotopically distinct intraplate basalts 
(e.g. OIB) by selectively incorporating melts from the streaks which are 
enriched in the LIL-elements and have lower solidus temperatures than 
the surrounding mantle. Very small-degree melts, however, tend to 
equilibrate with the mantle due to the low rate at which they ascend. 
As for the origin of the more differentiated rocks in Iceland, the early 
hypothesis involving underlying sialic crust was undermined with the 
advance of plate tectonics, and abandoned when Moorbath and Walker 
(1965) revealed the uniformity of Sr Isotopic ratios for the basaltic 
and the rhyolitic rocks. The differentiation of the Tertiary tholeiitic 
suites of Thlngmüll (Carmichael, 1964) and Setberg (Slgurdsson, 1970) 
was attributed to crystal fractionation. 
Later studies of Sr isotopic ratios from three different locations in 
Iceland (O'Nions and Grönvold, 1973) showed the rhyolites of Torfajökull 
(south central Iceland) to have distinctly higher 87Sr/86Sr than the 
contemporary basalts and partial melting of older crust was suggested. 
The authors also pointed out that indistinguishable Sr isotopic ratios 
of basalts and rhyolltes in Náxnafjall (eastern rift zone) and 
Kerlingarfjöll (eastern central Iceland) do not exclude the involvement 
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of crustal melt because of the short time between accretion and 
remelting in rift-tectonic environment. 
Crustal anatexis has since been invoked by many authors to explain the 
chemical composition of rhyolites in Iceland (Sigvaldason 1974, 
Sigurdsson 1977, Condomines et al. 1981). The differentiated rocks of 
the Tertiary tholeiitic suites of Reykjadalur (Jóhannesson, 1975) and 
Hafnarf jai l-Skarcfshejdj (Franzson, 1978) are regarded as having been 
generated by partial melting processes in the lower crustal regions. In 
a recent study of the Kraf Ia differentiated suite (Nicholson, 1990), the 
observed variation is ascribed to fractional crystallisation accompanied 
by crustal assimilation of partially melted basaltic wall-rock; the 
temporal variation in rock composition at Kraf la does not enhance the 
importance of the role of open system fractionation. 
Crustal anatexis is central to a model put forward by Oskarsson et al. 
(1982) involving mixing of mantle-derived olivine tholeiite with 
anatectic melts produced within a stratified crust. Their model is 
based upon a numerical model of crustal accretion kinematics in Iceland 
(Pálmason, 1981). It was further developed to explain both the alkalic 
rocks in Iceland, which only occur away from the axial rift zones, and 
the variability within the tholeiltes (Steinthórsson, 1982; Oskarsson. 
et al., 1985; Ste inthórsson et al., 1985). Their crucial arguments 
concern the inverse relationship between strontium- and oxygen isotope 
ratios and covariation of oxygen isotopes and crystal-controlled 
factors, which the model of open system fractionation does not address. 
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As for Geitafell, the Ce/Y and Zr/Nb ratios (see chapter 4) indicate 
that the magmas were generated in an area of extensive melting (an axial 
rift zone) but that the source assemblage contained more garnet than 
that of the active rift zone today (e.g. at Krafla). I Partial 
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The Tertiary Kollumüli central volcano (Torfason, 1979) is located just 
to the northeast of the Geitafell central volcano. It has been 
tentatively suggested (Jakobsson and Fridleifsson, 1990) that the 
tectonic environment for Kollumli and Geitafell was that of a volcanic 
flank zone, off the main axial rift (section 1.1.2.2). This is mainly 
based on a few analyses from lavas at the SW-flanks of the volcano, 
which seem to be of transitional alkali basalt composition (section 
1.1.3), but transitional- and alkalic rock suites characterise the 
volcanic flank zones. The present study does not support this 
suggestion. Admittedly, many basalts from Geltafell share the geochemic 
features of the Kollumüll analyses: relatively high T102 content and 
low A1203-, Si02- and MgO contents. However, the Geitafell suite has 
been shown.to be tholelitic (section 4.1) and the additional evidence 
(above) of extensive melting strongly indicates that the tectonic 
setting was that of an axial rift zone. The structural analysis by 
Fridleifsson (1983), leading to the conclusion that the rate of 
spreading was relatively low during maximum volcanic activity at 
Geitafell, does not necessarily contradict this hypothesis. 
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As the variation diagrams presented in chapter 4 are consistent with the 
fractionation of the observed phenocryst phases, the differentiation is 
tentatively ascribed to crystal fractionation, and more specifically 
open system crystal fractionation because simple Rayleigh modelling of 
the closed system, CL/CO = F(D-1) (Cox et al., 1979), reveals that the 
enrichment of e.g. Rb in the rhyolites requires extreme crystallisation 
(99.2%). An additional trend on most graphs is that of plagioclase 
accumulation. The aim of this study, however, was chiefly to present 
the data and detailed data analysis, such as precise modelling of 
differentiation trends based on the observed phenocryst phases, is not 
attempted. 
Crustal anatexis can neither be excluded nor inferred due to the lack of 
isotopic data. It is, however, a reasonable assumption for a complex 
and long-lived volcano that 'refluxing', i.e. remelting of (evolved) 
crystal fractionation products of earlier events by later (basaltic) 
events, will proceed and that because of the low density of such melts 
they will always be relatively concentrated towards the top of the 
crustal sequence, eventually aggregating to relatively large volumes of 
rhyolite. This process may, in fact, produce the observed enrichment of 
Rb In the rhyolites. 
A few composite units (see chapter 2) Indicate early explosive activity 
and magma mixing at Geltafell. Probably heat and volatile transfer from 
basic magma intruding cooler acid magma played an important role in the 
genesis and mode of emplacement of these rocks. Extrusive and intrusive 
composite rocks in Iceland have been comprehensively studied by various 
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authors (Walker, 1962; Gibson and Walker, 1964; Blake et al., 1964; 
Walker and Skelhorn, 1966; Sigurdsson and Sparks, 1981). With few 
exceptions these are composed of basaltic and rhyolitic components. 
Rhyolitic ignimbrites in Iceland, and their composite nature, have also 
been described (Walker, 1962: Blake, 1970; Saemundsson, 1974; Sparks 
et al., 1977; Franzson, 1978). Complex suites of mixed and hybrid 
rocks at Torfajökull, where the tectonic setting is especially favorable 
to magma mixing, have been thoroughly studied (McGarvie et al., 1990). 
Apart from the composite units, evidence for magma mixing in Geitafell 
is scarce with few xenocrysts or xenoliths observed. However, 
disequilibrium phenocrysts of plagioclase in the highly porphyritic 
lavas and minor intrusions may indicate magma mixing. Cox and Mitchell 
0988) argued that aphyric basalts do not necessarily represent 
superheated magmas; they may have (gravitationally) lost their earlier 
phenocryst assemblage. If this was the case in Geitafell, and the 
denser phases were lost through crystal settling whereas plagioclase was 
lost through flotation, then the aphyric lavas, found in the older 
basalt lava units, may be parental to the disequilibrium phenocrysts 
found in the highly porphyritic lavas of the youngest basalt lava unit. 
The assumption is that the high-level magma, into which the plagioclase 
accumulated, was not erupted until at a late stage In the volcano's 
history. This speculation is undermined, however, by the fact that the 
relatively small size of the plagioclase phenocrysts and the small 
(though significant)density difference between plagioclase and basaltic 
liquid makes flotation an unlikely process. 
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The apparent difference between the lavas on one hand, and the minor 
intrusions on the other, is seen as possibly reflecting differences in 
the relative importance of low-pressure fractional crystallisation and 
of new influxes of magma to the magma chamber, i.e. reflecting low and 
high extrusion rates, respectively. In the case of the lavas (the 
earlier event) it is tentatively postulated that the magma chamber was 
frequently tapped and replenished and the resulting rocks have the 
characteristics of central-type tholelites with elevated contents of 
incompatible elements and low phenocryst content. In the case of the 
minor intrusions it is again tentatively postulated that the magma 
chamber replenishment and evacuation took place at a lower rate and the 
importance of the continuous fractional crystallisation was greater. 
The minor intrusions resemble lavas of low extrusion rate (Franzson, 
1978) with lower incompatible element contents and higher average 
phenocryst content. 
The final phase in Geitafell saw the intrusion of a NE-trending dyke 
swarm (1P12). It is possible that these dykes do not represent magma 
from the Geitfell magma chamber (see chapter 4). If so, then they were 
emplaced when the dying Geltafell centre was being carried eastward (as 
a result of crustal accretion in the active rift zone) and represent the 
outermost members of the fissure swarm of a new volcanic system. 
REFERENCES 
Abbey S, 1980. 	Studies in "standard samples" for use in the general 
analysis of silicate rocks and minerals. 	Part 6: 1979 edition of 
"usable" values. Geol. Surv. Canad. Paper. 80-14. 
Anne ls A E, 1967.. 	The geology of the Hornafjärdur region, S. E. 
Iceland. Unpubl. Ph.D. thesis, University of London. 
Bell J D, 1976. 	The Tertiary intrusive complex on the Isle of Skye. 
Proc. •Geol. Assoc.87, 247-71. 
Björnsson S and Einarsson P, 1983. Seismic and tectonic structure of 
oblique plate boundaries on the Reykjanes peninsula and near Tjörnes, 
Iceland. IUGG XVIII General Assembly. ProQranune and Abstracts 1, p.124. 
BJörnsson A, Saemundsson K, Elnarsson P, Tryggvason E and Grönvold K, 
1977. Current rifting episode in north Iceland. Nature 266, 318-323. 
Blake D H, 1970. Geology of Alftafi6rdur volcano, a Tertiary volcanic 
centre in southeastern Iceland. Science in Iceland 2. Soc, Sci, 
Islandica. 
Blake D H, Elwell R W D, Gibson I K, Skelhorn P P and Walker G P L, 
1965. Some relationships resulting from the intimate association of 
acid and basic magmas. Quart. J. Geol. Soc. Lond. 121, 31-49. 
Brooks C K, 1976. The Fe203/FeO ratio of basalt analyses: and appeal 
for a standardized procedure. Bull. geol. Soc. Denmark 25, 117-120. 
Brown P K, van Breemen 0, Noble P H and Macintyre R M, 1977. 
Mid-Tertiary igneous activity in East Greenland - The Kialineq complex. 
Contrib. Mineral. Petrol. 64, 109-22. 
Carmichael I S E, 1964. The petrology of Thingmli, a Tertiary volcano 
in Eastern Iceland. J. Petrology 5, 435-60. 
178 
Carmichael I S K, 1967. The mineralogy of Thingmüli, a Tertiary central 
volcano in Eastern Iceland. Am. Miner. 52. 1815-1841. 
Condoinines M, Morand P, Allegre C. J and Sigvaldason C E, 1981. 
230Th/238U disequi.libria in historical lavas from Iceland. Earth 
Planet. Sci. Lett. 55, 393-406. 
Cox K C and Mitchell C, 1988. 	Importance of crystal settling in the 
differentiation of Deccan trap basaltic magmas. Nature 333, 447-449. 
Cox K C, Bell J D and Pankhurst R 3, 1979. 	The interpretation of 
igneous rocks. Mien & Unwin, London. 
Deer W A, Howie R A and Zussman J, 1966. An introduction to the rock 
forming minerals. Longman, London. 
Elnarsson P and Bjórnsson S, 1979. Earthquakes in Iceland. Jökull 29, 
37-43. 
Fitton 3 G and Dunlop H M, 1985. The Cameroon line, West Africa, and 
its bearing on the origin of oceanic and continental alkali basalt. 
Earth Planet, Sci. Lett, 72, 23-28. 
Fitton J C and James D, 1986. 	Basic volcanism associated with 
intraplate linear features. Phil. Trans. R. Soc. Lond, A317, 253-266. 
Fitton J G, James D, Kempton P D, Ormerod 0 S and Leeman W P, 1988. 
Role of lithospheric mantle In the generation of late Cenozoic basic 
magmas in the western United States. J. Petrology, special lithospheric 
issue, 331-349. 
Fitton J C, James D E and ThIriwall N F, 1984. A user's guide to the 
X-ray fluorescence analysis of rock samples. Unpubi. report, 2nd 
edition, University of Edinburgh. 
Franzson H, 1978. 	Structure and petrochemistry of the Hafnarfjal I - 
Skardsheidi central volcano and the surrounding basalt succession, 
W-Iceland. Unpubl. Ph.D. thesis, University of Edinburgh. 
Frid'leifsson I B, 1979. 	Geothermal activity in Iceland. 	Jäkull 29, 
47-56. 
Fridlelfsson C 0, 1983. The geology and the alteration history of the 
Geitafell central volcano, southeast Iceland. Unpubl. Ph.D. thesis, 
University of Edinburgh. 
ISO 
Gast P W, 1968. 	Trace element fractionation and the origin of 
tholeiitic and alkaline magma types. 	Geochim. cosmochim. Acta 32, 
1057-1086. 
Gibson I L and Walker G P L, 1964. Some composite rhyolite/basalt lavas 
and related composite dykes in eastern Iceland. Proc. Geol. Ass, Lond. 
1.4 301-318. 
Green D H, 1971. 	Composition of basaltic magmas as indicators of 
conditions of origin: Application to oceanic volcanism. Phil. Trans. 
Roy, Soc, Lond, A.268, 707-725. 
Green 0 H and Ringwood A E, 1967. 	The genesis of basaltic magmas. 
Contr, Miner. Petrol. 15, 103-190. 
Gunnarseon B, 1987. 	Petrology and petrogenesis of silicic and 
intermediate lavas on a propagating oceanic rift. The Torfajökull and 
Hekla central volcanoes, south-central Iceland. Unpubl. Ph.D. thesis, 
The John Hopkins University, United States of America. 
Hardarson B S, 1991a. Geochemical and isotopic composition of alkalic 
rocks from the Snaefellsnes peninsula, W-Iceland and from the 
Vest_.mannaeyjar, S-Iceland. (in prep.) 
Hardarson B S, 1991b. 	The dyke swarm by the Króksfjördur central 
volcano, NW-Iceland. (in prep.) 
Hart S R, Schilling J -G and Powell J L, 1973. Basalts from Iceland and 
along the Reykjanes ridge: Sr isotope geochemistry. Nature 246, 
104-107. 
Hofmann A W and Hart S R, 1975. An assessment of local and regional 
isotopic equilibrium in a partially molten mantle. Carnegie Inst, 
Washington Yearb, 74, 195-210. 
Irvine T N and Baragar W P A, 1971. A guide to the classification of 
common volcanic rocks. Can. J. Earth Sc!. 8, 523-548. 
Jakobsson S P, 1972. 	Chemistry and distribution pattern of Recent 
basaltic rocks in Iceland. Lithos 5, 365-386. 
ME 
Jakobsson S P. 1979a. 	Petrology of recent basalts of the eastern 
volcanic zone, Iceland. Acta Nat. Islandica 26, 1-103. 
Jakobsson S P, 1979b. Outline of the petrology of Iceland. Jökull. 29, 
57-73. 
Jakobeson S P and Fridleifeson G '0, 1990. 	Jardbik I holufyllingum I 
Skyndidal, Läni. Náttrufrpedingurinn 59(4), 169-188. 
Jóhannesson H, 1975. Structure and petrochemistry of the Peykjadalur 
central volcano and the surrounding areas, Midwest Iceland. Unpubi. 
Ph.D. thesis, University of Durham. 
Jónasson K, 1990. 	Petrology of silicic rocks from the Króksfjärdur 
central 	volcano in NW-Iceland. 	Unpubl. 	cand. 	scient 	thesis 
("speciale"), Copenhagen University. 
Kay R, Hubbard N 3 and Gast P W, 1970. Chemical characteristics and 
origin of oceanic ridge volcanic rocks. J. Geophvs. Res, 75, 1585-1613. 
Kristjánsson L, 1979. The shelf around Iceland. Jäkull 29, 3-6. 
Latin D, 1990. The relationship between extension and magmatism in the 
North sea basin. Unpubl. Ph.D. thesis, University of Edinburgh. 
Macdonald R, McGarvie D W, Pinkerton H, Smith L R and Palacz Z A, 1990. 
Petrogenetic evolution of the Torfajökull Volcancic Complex, Iceland 
I.Relationship between the magma types. J. Petrology 31, 429-459. 
McBirney A R, 1984. Igneous Petrology. Freeman, San Francisco 
McGarvle D W, 1985. 	Volcanology and petrology of mixed magmas and 
rhyolites from the Torfajökull volcano, Iceland. Unpubl. Ph.D. thesis, 
University of Lancaster. 
McGarvle D W, Macdonald R, Pinkerton H and Smith R L, 1990. 
Petrogenetic Evolution of the Torfajökull Volcanic Complex, Iceland 
II.The Role of Magma Mixing. J. Petrology 31, 461-481. 
Meighan I G, 1979. The acid rocks of the British Tertiary Province. 
Bull, Geol, Sur.v. G. B. 70, 10-22. 
1192 
Moorbath S and Walker 6 P L, 1965. Strontium isotope investigation of 
igneous rocks from Iceland. Nature 207, 837-40. 
Mork M B E, 1984. Magma mixing in the post-glacial Veidivötn fissure 
eruption, south Iceland. A microprobe study of mineral and glass 
variations. Lithos 17, 55-75. 
Myers J S, 1980. Structure of the coastal dyke swarm and associated 
plutonic intrusions of East Greenland. Earth Planet, Sci, Lett. 46, 
407-18. 
Nakamura N, 1974. 	Determination of REE, Ba, Fe, Mg, Na and K in 
carbonaceous and ordinary chondrites. 	Geochim. cosmochim. Acta 38, 
757-775. 
Newman T C M, 1967. 	The geology of some Igneous intrusions in the 
Hornafjördur region, S. E. Iceland. Unpubi. Ph.D. thesis, University of 
Manchester. 
Nicholson FL, 1990. 	The magmatic evolution of Kraf Ia, NE Iceland. 
Unpubi. Ph.D. thesis, University of Edinburgh. 
O'Hara M 3, 1968. The bearing of phase equilibria studies in synthetic 
and natural systems on the origin and evolution of basic and ultrabasic 
rocks. Earth Sd, Rev. 4, 69-133. 
O'Hara N J, 1973. Non-primary magmas and dubious mantle plume beneath 
Iceland. Nature 243, 507-508. 
O'Hara N J, 	1977. 	Geochemical 	evolution during fractional 
crystallisation of a periodically refilled magma chamber. Nature 266, 
503-507. 
O'Hara N J and Mathews R E, 1981. 	Geochemical evolution of an 
advancing, periodically tapped, continuously fractionated magma chamber. 
J. geol. Soc. Lond. 138, 237-277. 
O'Nions R K, Pankhurst R J and Gronvold K, 1976. Nature and development 
of basalt magma sources beneath Iceland and the Reykjanes Ridge. L 
Petrology 17, 315-338. 
183 
O'Nlons R K and Gronvold K, 1973. Petrogenetic relationships of acid 
and basic rocks in Iceland: Sr isotopes and REEs in late and postglacial 
volcanics. Earth Planet, Sci, Lett. 19, 397-409. 
O'Nions R K and Pankhurst R J, 1974. 	Petrogenetic significance of 
isotope and trace element variations in volcanic rocks form the 
Mid-Atlantic. J. Petroloav 15, 603-634. 
'Oskarseon N, Slgvaldason GE and Stelnthórsson S, 1982. A dynamic model 
of rift zone petrogenesis and the regional petrology of Iceland. J. 
Petrology -22, 28-74. 
tskarsson N, Steinthórsson S and Slgvaldason G E, 1985. 	Iceland 
geochemical anomaly: 	origin, volcanotectonics, chemical fractionation 
and isotope evolution of the crust. J. geophys. Res. 90, 10011-10025. 
Pálmason G, 1981. 	Crustal rifting, and related thermo-mechanical 
processes in the lithosphere beneath Iceland. 	Geol, Rundsch. 70, 
244-260. 
Poldervaart A and Hess H H, 1951. Pyroxenes in the crystallisation of 
basaltic magma. J. Geol, 59, 472-489. 
Russell D G, 1985. Experimental and petrological studies of phenocryst 
assemblages in Scottish Permo-Carboniferous basaltic rocks. Unpubl. 
Ph.D. thesis, University of Edinburgh. 
Saemundsson K, 1974. Evolution of the axial rifting zone in northern 
Iceland and the Tjornes Fracture Zone. Geol. Soc. ?m. Bull.85, 495-504. 
Saemundsson K, 1979. Outline of the geology of Iceland. Jôkull 29, 
7-28. 
Schilling J -G, 1973. 	Iceland mantle plume: geochemical study of 
Reykjanes Ridge. Nature 242, 565-571. 
Slgurdsson H, 1970. The petrology and chemistry of the Setberg volcanic 
region and of the intermediate and acid rocks of Iceland. Unpubl. Ph.D. 
thesis, University of Durham. 
1 8q 
Sigurdsson H, 1977. 	Generation of Icelandic rhyolites by melting of 
plagiogranites in the oceanic layer. Nature 269, 25-28. 
Sigurdsson H and Sparks R S J, 1981. Petrology of rhyolitic and mixed 
magma ejecta from the 1875 eruption of Askja, Iceland. J. Petrology 22, 
41-84. 
Sigvaldason G E, 1974. 	The petrology of Hekla and origin of silicic 
rocks in Iceland. The eruption of Hekla 1947-48. Soc. Sci. Islandica 
, 1-44. 
Slgvaldason G E, Stelnthórsson 5, 'Oskarsson N and Imsland P, 1974. 
Compositional variation in Recent Icelandic tholeiites and the 
Kverkfjöll hot spot. Nature 251, 579-582. 
Sparks R S J, Slgurdsson H and Wilson J, 1977. 	Magma mixing: 	a 
mechanism for triggering acid explosive eruptions. Nature 267, 315-18. 
Steinthórsson S, 1982. Petrology and plate tectonics. Earth Evol. Sd. 
, p.62 
Stelnthórsson 5, Oskarseon N and Slgvaldason G E, 1985. 	Origin of 
alkali basalts in Iceland: a plate tectonic model. J. Geophys. Res, 90, 
10027-10042. 
Stelnthórsson S, Oskarsson N, Arnórsson S and Gunnlaugsson E, 1987. 
Metasomatism in Iceland: Hydrothermal alteration and remelting of 
oceanic crust. in.. Helgeson f-I C (ed.) Chemical Transport in Metasornatic 
Processes, 355-387. D. Reldel Publishing Company. 
Sun C -0, WIlliams R J and Sun S -S, 1974. Distribution coefficients 
for Eu and Sr for plagioclase-liquid and clinopyroxene-liquid equilibria 
in oceanic ridge basalts: an experimental study. Geochim. cosmochim. 
Acta 38, 1415-1433. 
Sweatman T R and Long J V P, 1969. 	Quantitative electron probe 
microanalysis of rock-forming minerals. J. Petrology 10, 332-379. 
Taiwani M and Eldholm 0, 1977. Evolution of the Norwegian - Greenland 
Sea. Geol, Soc, Am. Bull, 88, 969-999. 
185 
ThIrIwall M F, 1979. 	The petrochemistry of the British Old Red 
Sandstone volcanic province. 	Unpubi. Ph.D. thesis, University of 
Edinburgh. 
Thompson RN, 1982. Magmatism of the British Tertiary Province. Scott. 
J. Geol. 18, 49-107 
Thorpe R S, Potts P J and Sarre M B, 1977. 	Rare earth evidence 
concerning the origin of granites of the Isle of Skye, northwest 
Scotland. Earth Planet. Sci. Lett. 36, 111-20. 
Torfason H, 1979. 	Investigations into the structure of Southeastern 
Iceland. tJnpubl. Ph.D. thesis, University of Liverpool. 
Upton B G J and Wadsworth W J, 1971. 	Rhyodacite glass in Reunion 
basalt. Mm. Mpg. 38, 152-9 
Upton B G J, Eneleus C H, Beckinsale R D and Macintyre R 11, 1984. 
Myggbukta and Kap Broer Ruys: the most northerly of the East Greenland 
Tertiary igneous centres(?). Mineral. Mpg. 48, 323-43. 
Wager L P and Deer W A, 1939: 	Geological investigations in East 
Greenland. 	III. 	The petrology of the Skaergaard intrusion, 
Kangerdlugssuaq, East Greenland. Medd. om Gronland 105(4), p.209. 
Wakita H, Rey P and Schmitt RA, 1971. Abundances of the 14 rare-earth 
elements and 12 other trace elements in Apollo 12 samples; five igneous 
and one breccia rocks and four soils. In: Lunar Science Conference, 
2nd. Proc.. 2. Geochim. cosmochim. Acta. 2. 1319-1329. 
Walker C P 1., 1959. The geology of the ReydarfJärdur area, E. Iceland. 
0. J. Geol, Soc. Lond. 114, 367-393. 
Walker C P L, 1962. Tertiary welded tuffs in eastern Iceland. Quart, 
J. Geol. Soc, Lond. 119, 29-63. 
Walker C P L, 1963. 	The Breiddalur central volcano, eastern Iceland. 
Q. J. Geol. Soc. Lond. 119, 29-63. 
18(o 
Walker G P L and Skeihorn P R, 1966. 	Some associations of acid and 
basic igneous rocks. Earth Sd. Review 2, 93-109. 
Wallis S H, 1989. Petrology and geochemistry of Upper Carboniferous - 
Lower Permian rocks in Scotland. Unpubl. Ph.D. thesis, University of 
Edinburgh. 
Walsh J N and Clarke E, 1982. The role of fractional crystallization in 
the formation of granitic and intermediate rocks of the Beinn Chaisgidle 
Centre, Mull, Scotland. Mineral, Map. 45, 247-55. 
Walsh J N, Beckinsale P D, Skeihorn P P and Thorpe P S, 1979. 
Geochemistry and petrogenesis of Tertiary granitic rocks from the Island 
of Mull, Northwest Scotland. Contrib. Mineral. Petrol. 71, 99-116. 
Walsh J N, Buckley F and Barker J, 1981. The simultaneous determination 
of the rare-earth elements in rocks using inductively coupled plasma 
source spectrometry. Chem. Geol. 33, 141-53. 
Wood D A, 1981. 	Partial melting models for the petrogenesis of 
Reykjanes Peninsula basalts, Iceland: implications for the use of trace 
elements and strontium and neodymium isotope ratios to record 
inhomogeneities in the upper mantle. Earth Planet, Sd. Lett. 52, 
183-190. 
Zmndler A, Hart S R, Frey F A and Jakobeson S P, 1979. 	Nd and Sr 
isotope ratios and rare earth element abundances in Reykjanes Peninsula 
basalts: evidence for mantle heterogeneity beneath Iceland. Earth 
Planet. Sci. Lett. 45, 249-262. 
APPENDIX I SAMPLES AND LOCATIONS 
The samples are coded as follows: 
• 	thin sectioned 
* XRF analysed 
+ 	ICP analysed 
* micro-probe analysed 
x 	modal analysed 
l.A Samples collected by the author 
JT000 .*+*x Gabbro, Geitafell, layered, 
JT000A. 	Gabbro, Geitafell, layered, th.sct. only 
JT000B Gabbro, Geitafell, with acid vein (?1P4) 
JT001A.* Sheet, Geitafellsgil, middle zone with phenocrysts 
JT001B.* Sheet, Geitafellsgil, margin zone, 	aphyric 
JT001C Sheet, Geitafellsgil, 	transition zone, 	th.sct. 	only 
JT002 .* *x Sheet, Geitafellsgil, coarse grained 
JT003A.* Sheet, Geitafelisgil, 
JT003B.* Sheet, Geitafellsgil, 	cutting JT003A 
JT003C.*+ Sheet, Geitafel Isgi I, 	cutting JT003B 
JT003D. th.sct. only, shows contact of JT003A and JT003B 
JT004 • Sheet, Geitafellsgil 
JT005 •*+ Sheet, Geitafellsgll 
JT006 .* Sheet, Geitafellsgil 
JT007 .*+ Sheet, Geitafellsgil 
JT008 .* Sheet, Geitafellsgil 
JT009 Hornfelsed rock (?lava), mouth of Geitafellsgil 
JT010 	• Pyroclastic unit, 	felsitic part, 	low ground - Tungufell 
JT010A. th.sct. only, contact of JT010 and JT011 
JT011A. Pyroclastic unit, mixed part above felsite 
JT011B. Pyroclastic unit, mixed part below felsite 
JT01IC th.sct. only, pyroclastic unit, same as JT011A 
JT011D th.sct. only, pyroclastic unit, same as JT011B 
JT012 Sheet, Vidbordsfjall, 	low ground, outside gabbro 
JT013 Sheet, Vidbordsfjall, 	low ground, outside gabbro 
JT014 Sheet, Vidbordsfjall, 	low ground, outside gabbro 
JT015 .* Gabbro - pegmatite, Vidbordsfjall, Unit B 
JT015A th.sct only, contact of pegmatite and dolerite 
JT016 Gabbro, Vidbordsfjall, Unit B 
JT017 Lava-BI, ainygdaloidal, Vidbordsfjal I 
JT018 • Gabbro, Vidbordsfjall, Unit A, 	fine and coarse parts 
JT019 Sheet, Vidbordsfjall, Unit A 
JT020 •*+*x Gabbro, Vidbordsfjall, Unit A 
.JT021 	• Sheet, Vldbordsfjall, Unit A 
3T022 Sheet, Vidbordsfjall, Unit A 
JT023 • Sheet, Svinafell, cutting gabbro 
JT023A. th.sct. only, same as JT023, more altered part 
JT024 •* Sheet, SvInafell, cutting gabbro 
JT025 •* *x Gabbro, Svinafell 
JT026 . Sheet, Sv(nafell, 	cutting BI 
JT027 •* Sheet, Svinafell, 	cutting BI 
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JT028 .* *x Sheet, 	SvInafell, 	cutting BI 
JT028A. 	* th.sct. only, same as JT028, shows acid vein 
JT029 .* Sheet, 	SvInafell, 	cutting BI 
JT030 	.* Sheet, 	Svinafell, 	cutting BI 
JT031 	.# Sheet, Tungufell, close to Kráksgil 
JT032A. Pyroclastic and mixed-magma unit, top part 
JT032B. Pyroclastic and mixed-magma unit, upper middle part 
JT032C. Pyroclastic and mixed-magma unit, 	lower middle part 
JT032D. Pyroclastic and mixed-magma unit, 	felsitic part 
JT033 Lava, within caldera, 	BI/Bli, Tungufell 
JT034 Lava, within caldera, 	BI/BlI, Tungufell 	near Midfellsgil 
JT035 Lava, within caldera, 	BI/Bli, Tungufell 
JT036 Pyroclastic and mixed-magma unit, 	top part 
JT037 Pyroclastic and mixed-magma unit, 	felsitic part 
JT038 . Lava, within caldera, 	BI/BlI, Tungufell 
JT039 Lava, within caldera, 	BI/BIl, Tungufell 
JT042 Gabbro, 	Vidborcfsfjall, Unit C 
JT043 Dyke, Vidbordsfjall, Unit C 
JT044A Sheet, 	Vidbordsfjall, Unit C, 	altered 
JT0448 Sheet, same as JT044A, brecciated margin 
JT045 .#+ Gabbro, Vidbordsfjall, Unit C 
JT046 .*+*x Sheet, Vidbordsfjall, Unit C 
JT047 .*+ Sheet, same as JT046, chilled margin 
JT048 .4* *x Gabbro, Vidbordsfjall, Unit C 
JT049 	.4* Sheet, Vidbordsfjall, Unit C 
JT050 . Sheet, Vidbordsfjall, Unit C 
JT051A.* Gabbro, Vidbordsfjall, Unit C 
JT051B. Gabbro, Vidbordsfjall, Unit C, next to JT051A 
JT052 . Gabbro, 	loose block, Vidbordsfjall, Unit C 
JT053 	.4* Sheet, Vidbordsfjall, Unit C, 	doleritic 
JT054 	.4* Sheet, 	Vidborcfsfjall, 	Unit C 
JT055 	.4* Sheet, Vidbordsfjall, Unit C, magnetic? 
JT056A. Intrusion, 	Vidbordsfjall, Unit C, outcrop 5 x 10 m 
JT056B. Intrusion, 	loose block, from JT056A, different appearance 
JT057 Intrusion, same as JT056, next to contact with a vein 
JT058 Breccia of intrusion JT056 and granophyric vein 
JT059A Vein, granophyric, cutting JT056 
3T059B Vein, same as JT059A 
JT059C Vein, same as JT059A 
JT060A Lava-remnant, BI, cut by JT056 
JT060B Breccia of lava JT060A and granophyric vein 
JT061 Intrusion JT056, another outcrop, now sheet-like 0 m) 
JT062 Gabbro, Vidbordsfjall, UnitC, 	leucocratic patches 
JT063 Sheet, Vidbordsfjall, Unit C 
JT064 Gabbro, Vidbordsfjall, Unit A 
JT065 .4* Gabbro, Vidbordsfjall, Unit D 
JT066 Sheet, Vidbordsfjall, Unit D 
JT067 Sheet, Vidbordsfjail, Unit D 
JT067A Sheet, same as JT067, different apperance 
JT068 Vein, Vidbordsfjall 	Unit D 
JT069 . Gabbro-facies, porphyritic, Vidbordsfjall, Unit D 
3T070 . Gabbro-facies, doleritic, Vidbordsfjall, Unit D 
JT070A Gabbro-facies, same as JT070, different appearance 
JT071 Sheet, Vidbordsfjall, Unit D 
JT072 Vein, Vidbordsfjall, Unit D, 	cutting JT071 
3T072A Vein, Vidbordsfjall, Unit D, cutting JT071 

























































JT 11 7A 
JT117B 
Breccia, (local fault cutting JT070-JT072), altered 
Gabbro-facies, Vidbordsfjall, Unit D, fine dark matrix 
Sheet, Vidbordsfjall, Unit D 
Dyke, Vidbordsfjall, Unit D, cutting JT075 
Sheet, Vidbordsfjall,'Unit D 
Gabbro, Vldbordsfjall, Unit D, leucocratic 
Sheet, IP11, Arnarbaeli near Hoffell-farm, cutting all 
Sheet, Arnarbaeli, probably 1P5 
Dyke, Arnarbaeli, (?1P7), cutting JT080 and lavas 
Lava-B!, Arnarbaeli, cut by dykes 
Lava-B!, Arnarbaeli, above JT082, cut by JT080 and dykes 
Dyke, 1P7, Arnarbaeli, cutting JT080 and lava5 
Dyke, lower part of 3T084A 
Sheet, Hoffellsfjall, BI 
Pyroclastic unit, loose block, same as JT092 
Lava-B!, Hoffel lsfjal I 
Lava-B!, Hoffel lsfjal I 
Sheet, Hoffellsfjall, BI 
Sheet, chilled margin of JT089 
Lava-BI, Hoffellsfjall 
Sheet, Hoffellsfjall, B! 
Pyroclastic unit, Hoffellsfjall, DI, laminated 
Sheet, Hoffellsfjall, B! 
Sheet, Hoffellsfjall, B! 
Lava-B!, Hoffellsfjall 
Sheet, Hoffellsfjall, BI 
Pyroclastic unit, Hoffellsfjall, B!, dark/light contact 
Pyroclastic unit, fine dark layer 
Breccia, contact of lava and pyroclastic unit 
Lava-BI, Hoffellsfjall, below pyroclastic unit 
Pyroclastic unit, felsitic part 
Lava-B!, Hoffel lsfjal I 
Sheet, Hoffellsfjall, BI, cuts pyroclastic unit 
Lava/sheet?, oxidixed, below JT098 
Lava-B!, Hoffellsfjall, just below 1P12 (which cuts it) 
Sheet, Hoffellsfjall, BI 
Sheet, chilled margin of JT102 
Dyke, ?IP1, Hoffellsfjall, B! 
Dyke, ?IP1, Hoffellsfjall, B! 
Lava-B!!, Hoffelisdalur, just above HI 
Lava-Bli, Hoffelledalur 
Lava-BIT, Hoffelisdalur 
Dyke, Hoffelisdalur, B!! 
Lava-BIT, Hoffellsdalur 
Lava-B!!, Hoffel Isdalur 
Lava-Bil, Hoffellsdalur 
Acid block, Grasgiljaegg 
Acid block, "frothy" weathering, Gt-asgiIjaegg 
Acid block, 'frothy" weathering, Grasgiljaegg 
Clastic block, Grasgiljaegg 
Acid block, banded, Grasglljaegg 
Acid block, banded, Grasgiljaegg 
Acid block, banded, Crasgiljaegg 
Acid block, banded, Grasgiljaegg 
Acid block, Grasgiljaegg, near top 
Breccia, rhyolite/basalt, Grasgiljaegg 
Breccia, rhyol ite/basalt, Grasgiljaegg 
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JT118A. 	Acid block, "frothy" weathering, Grasgiljaegg 
JT118B. Acid block, "frothy" weathering, Grasgiljaegg 
JT119 Basalt remnants, Grasgiljaegg (extr./intr.?) 
JT120A. Acid dyke, 	Hoffelisdalur, below (?part of) Grasgiljaegg 
JT120B. Acid dyke, same as JT120A, different appearance 
JT121A. Hyaloclastite 	I, 	Hoffelisdalur 
JT121B Hyaloclastite 	I, 	Hoffelisdalur 
JT121B Hyaloclastite 	I, 	breccia, 	Hoffellsdalur 
JT122 Rhyolite (from Setbergsheicli-volcano), 	Hof felisdalur 
JT123 .* *x Sheet, 	1P6, behind Hoffellfarm 
JT124 .* *x Dyke, 	1P3, mouth of Kráksgil 
JT125 	.lt Sheet, 	1P5, cutting 1P3, mouth of Kráksgil 
JT126 Lava, 	BI/Bli, 	just within caldera-fault, 	Hoffellsfjall 
JT127 Lava, 	BI/Bli, 	just within caldera-fault, 	Hoffellsfjall 
JT128 Lava, 	BI/BlI, 	just within caldera-fault, 	Hoffellsfjall 
JT129 Pyroclastic unit, 	just outside caldera, 	Hoffellsfjall 
JT130 Pyroclastic unit, 	felsitic part above JT129 
JT131 Lava, 	BI/Bil, well 	within caldera-fault, 	Hoffellsfjall 
JT132 Lava, 	BI/Bil, 	well 	within caldera-fault, 	Hoffellsfjall 
JT133 .*+ Vein, 	felsitic, 	Geitafellsgabbro 
JT134 Vein, basaltic, Geitafellsgabbro 
JT135A.* Gabbro-facies, Geitafellsgabbro-margin 
JT1353 Gabbro-facies, Geitafel lsgabbro-margin 
JT135C. Gabbro-facies, Geitafellsgabbro-margin 
JT135D Gabbro-facies, Geitafellsgabbro-margin 
JT136 .*+*x Sheet, Geitafellsgabbro 
JT137 Hornfelsed(?) host-rock, Geitafellsgabbro-margin 
JT138 Sheet, 	Midfell 	- 	low hills 
JT139 Sheet, 	Micifell 	- 	low hills 
JT140A Lava, 	BI/Bil, Midfell-low hills, within caldera 
JT140B Breccia on top of JT140A 
JT141 	.* Lava, BI/Bil, Midfell-low hills, within caldera 
JT142 .* x Sheet, Midfell / t3eitafellsgabbro-margin 
JT142A Sheet, same as JT142, different appearance 
JT143 .* *x Sheet, 	Midfell 	- 	low hills 
JT144 	.1* Sheet, 	Midfell 	- 	low hills 
JT145 .* Lava-BI, Vidbordsfjall 
JT146 . Sheet, Vidbordsfjall, BI 
JT147 Lava-BI, Vidbordsfjall 
JT148 .# Sheet, Vidbordsfjall, BI 
JT149 Lava-BI, Vidbordsfjall 
JT150 Lava-BI, Vidbordsfjall 
JT151 	.* Sheet, VldbordsfJall, B! 
JT152 .* Sheet, Vidbordsfjall, B! 
JT153 .* Lava-B!, Vidbordsfjall 
JT154 Lava-B!, VidbordSfjall 
JT155 .* Sheet, 	Vidbordsfjall, 	BI 
JT156A Lava-BI, Vidbordsfjall, 	low part of 	lava 
JTI56B.# Lava-B!, same as JTI56A, middle part 
JT156C Lava-B!, same as JT156A, top part 
JT157A. *x Lava-B!, Vidbordsfjall, 	low part of 	lava 
JT157B.* Lava-BI, same as JT157A, middle part 
JT157C. Lava-B!, same as JT157A, top part 
JT158A Lava-B!, Vidbordsfjall, 	low part of 	lava 
JT158B.# Lava-B!, same as JT158A, middle part 
JT158C Lava-Bi, same as JT158A, top part 
JT159A Lava-B!, Vidbordsfjall, 	low part of 	lava 
JT159B.* Lava-BI, same as JT159A, middle part 
JT159C Lava-BI, same as JT159A, 	top part 
JT160 	.*+*x Lava-Bil, Hoffellstindur, at the top of the ridge 
JT161 	.* Lava-Bli, 	Hoffelistindur, 	next below JT161 	(etc.) 
JT162 . Sheet, 	Hoffelistindur, 	Bil 
JT163 .* Lava-Bli, 	Hoffelistindur 
JT164 	.41 Lava-BlI, 	Hoffelistindur 
JT165 .* Lava-BII, 	Hoffelistindur 
JT166 	.41 Lava-BlI, 	Hoffelistindur 
JT167 	.41 Lava-BIl, 	Hoffelistindur 
JT167A Lava-Bil, same as JT167, compact low part 
JT168A. Lava-BlI, 	Hoffelistindur 
JT168B. Lava-MI, porphyritic zone of JT168A 
JT168C.# Lava-MI, compact low part of JT167A 
JT168D.*+*x Lava-Bil, 	Hoffellstindur 
JT169 Lava-Bil, 	Hoffellstindur 
JT170 	.* Lava-Bil, 	Hoffellstindur 
JT180 	.* Lava-BlI, 	Hoffellstindur 
JT181 	.* Lava-MI, Hoffelletindur 
JT182 Dyke, 	altered, 	Hoffelistindur, 	Bil, 
JT183 Lava-Bil, 	Hoffellstindur 
JT184 .* *x Lava-MI, Hoffelistindur 
JT185 Lava-Bli, Hoffelistindur 
JT186 	.41 Sheet, 	Floffelistindur, 	Bil 
JT187 . Dyke, Hoffelistindur, 	Bil 
JT188 	.11 Sheet, 	Hoffelistindur, 	BlI 
JT189 	.41 Lava-BIl, Hoffelistindur 
JT190 	. Gabbro, pegmatite/dolerite, Geitafellgabbro-margin 
JT191 	. Hyaloclastite II, 	Efstafell/Ntpar 
JT191A Hyáloclastite II, 	Efstafell/Npar, porphyritic 
JT192 	.11 Dyke, 	IP11, NUpar 
JT193 	.41 Sheet, 	Efstafellsgil 
JT194 .* Sheet, 	Efstafellsgil 
JT195 	.41 Sheet, 	Efstafellsgil 
JT196 .*+ Sheet, 	Efstafellsgil 
JT197 	.41 *x Dyke, 	1P12, Stdra-Dfma 
JT198 . Sheet, Stóra-Dima 
JT198A. Sheet, Stóra-Dfma 
JT199 Vein, St6ra-Dfma 
JT200 . Sheet, Stára-Dima 
JT201A Gabbro, Stdra-DIma 
JT201B. Sheet, Stór-a-Dfma 
JT201C. Sheet, same as JT201B, different fades 
JT201D. Sheet, same as JT201B, different fades 
JT201E. 	*x Gabbro, Stdra-Dima 
JT202 	.41 Gabbro, Stára-Dima 
JT203 . Gabbro-facies (?), Stára-Dima 
JT204 Intrusion (?), 	Svinafell, 	cutting BI, 	very altered 
JT205 Sheet, Svinafell, cutting JT204 
JT206 Dyke, Svinafell, cutting JT205 
JT207 Sheet, Svfnafell, cutting 3T204 
JT208 Intrusion 	(?), 	Svinafell, 	(= JT204, 	less altered) 
JT209 	.41 Dyke, 	1P12, 	SvInafell 
JT210 	.41 Gabbro, SvInafell 
.JT211 Sheet, Svrnafell, cutting gabbro 
JT212A Hyaloclastite 	I, 	Svinafell 
JT212B Hyaloclastite I, 	SvInafell 
ic 
JT212C Hylaoclastite 	I, 	SvInafell 
JT213 . Hyaloclastite 	I, 	Svinafell 
JT214 .* *x Gabbro, 	SvInafel I 
JT215A.* *x Gabbro-xenolith in sheet (1P5), Kráksgil 
JT215B th.sct. 	only, contact of JT215A and JT215C 
JT215C.* Sheet, 	1P5, 	Kráksgil 
JT216 . Diorite, 	loose block, 	KrksgiI 
JT217A.* *x Diorite, coarse-grained, 	loose block, 	Kráksgil 
JT217B.* Diorite, medium-grained, 	loose block, 	Kráksgil 
JT218 . Diorite, 	from largest block, Kráksgil 
JT219 .* Lava-Bli, 	Starholsgil 	(Hoffellsdalur) 
JT220 Lava-Bli, Starhoisgil, above JT219 (etc.) 
JT221 Lava-BlI, Starholsgil 
JT222 .# Lava-Bli, Starhoisgil 
JT223 Lava-BIl, 	Starhoisgil 
JT224 Lava-Bli, Starholsgil 
JT225 .*+*x Lava-Bli, 	Starholsgi,l 
JT226 .1* Lava-BlI, Starholsgil 
JT227 Lava-BIl, Starholsgil 
JT228 Lava-Bli, Starholsgil 
JT229 .* Lava-Bil, 	Starholegil 
JT230 Lava-Bil, Starholsgil 
JT231 .* Lava-Bil, Starhoisgil, 	not far below rhyolite 
JT232 Lava-Bil, Midfellstindur, amygdaloidal 
JT233 .* Lava, 	BI/BII, within caldera, 	Midfellsgil 
JT234 .* Lava, 	BI/Bli, within caldera, 	Midfellsgil 
JT235 .* Lava, 	BI/BIl, within caldera, 	Midfellsgil 
3T236 .#+*x Lava, 	BI/Bil, within caldera, Midfellsgil 
JT237 Breccia, 	in caldera fault, 	Midfellsgil 
JT238 Gabbro-facies, Gei tafel lgabbro-margin 
JT239 .* Gabbro-facies, Geitafellgabbro-margin 
JT240 . Gabbro-facies, Geitafellgabbro-margin 
JT241 .* Gabbro-facies, Geitafellgabbro-margin 
JT242 .* Lava-BI, mouth of Hoffellsdalur 
JT243 .* Lava-BI, mouth of Hoffelisdalur 
JT244 . Lava-BI, mouth of Hoffelisdalur 
JT245 .lt Lava-BI, mouth of Hoffelisdalur 
JT246 .* Lava-BI, mouth of Hoffellsdalur 
JT247 .# Sheet, 	1P6, mouth of Hôffellsdalur 
JT248 .* Dyke, 	1P12, mouth of Hoffellsdalur 
JT249 Lava, BI/BII, within caldera, Midfell 
JT250 Lava, BI/Bli, within caldera, Midfell 
JT251 Lava, Bi/BII, within caldera, Midfell 
JT252 .* Lava, Bill, Npar 
JT253 .# Dyke, oxidised, 	1P12, Npar 
JT254 .*+*x Lava, Bill, Nüpar 
JT255 . Dyke, 	IP11, Ncpar 
JT256 . Diorite, 	loose block, Kráksgil 
JT257 Diorite, 	loose block, 	Kráksgll 
JT258 Lava, BI/Bil, within caldera, Kráksgil 
JT259 . Sheet, 	IP11?, 	Krksgll 
JT259A. th.sct only, different appearance of JT259 
JT260 .*+ Dyke, 	1P12, 	Kráksgil 
JT261 . Diorite, 	loose block, 	Kráksgil 
JT262 Diorite, 	loose block, 	Krksgil 
JT263 Lava, BI/Bli, within caldera, Kráksgil 
JT264 .# Dyke, 	1P3, 	Kráksgil, 	altered 
iq a 
JT265A.* Dyke, 	1P3, 	Kráksgil 	(lower) 
JT265B.* Dyke, 	1P3, same as JT265A, different phenocryst content 
JT265C.# Sheet, 	1P5, chill 	against JT265B 
JT266 .*+ Diorite, 	loose block, 	Kráksgil 
JT267A. Dyke, 	IP11, 	Kráksgil 
3T2678.*+*x Dyke, Kráksgil, cut by JT267A 
JT268 .1* Dyke, 	1P12, 	Kráksgil 
JT269 .* *x Gabbro-facies, Vidbordsfjall, Unit B - margin 
JT270 .*+ Gabbro-facies, Vidbordsfjall, Unit B - margin 
JT271 Lava-BI, 	Vidborcfsfjall 
JT272 .* Gabbro, Vidbordsfjall, Unit C 
JT273 .* 	*x Sheet, 	Vidbordsfjall, 	Unit C 
JT274 .* Sheet, Vidbordsfjall, Unit C, cutting JT273 
JT275 .# Dyke, 	1P12, 	Vidbordsfjal I 
JT276 Acid/intermediate 	intrusion (IP11), Sudurfljót 
JT277 . Acid/intermediate 	intrusion (IP11), Sudurfljót 
JT278 .41+ Acid/intermediate 	intrusion (IP11), Sudurfljót 
JT279 .41 	*x Gabbro, 	Vidbordsfjall, 	Unit D, 	leucocratic 
JT280 Hyaloclastite 	I, 	Graenafell 
JT281 Acid/intermediate 	intrusion (IP11), Graenafell 
JT282 . Lava, Graenafell 
JT283 .41 Acid intrusion 	(IP11), 	Graenafell 
JT284 .41 	*x Gabbro, Vidbordsfjall, Unit D 
JT285 .41 Gabbro, Vidbordsfjall, Unit A 
Cf 3 
Iqq 
I.B 	Samples from Fridleifsson's collection 
Original sample numbers to the right. 
Thin sections existed of all the samples except 
158 (JT329) of which a probe section was made. 
JT300 . R-I felsite, 	Hoffellsfjall-Hoffellsdalur 193A 
JT301 .* P-I granophyre, 	HoffellsfJall-Hoffellsdalut- 193B 
JT302 .* 1P6 sheet, Kráksgil 	ravine front 047 
JT303 .# IP11 felsite 	intrusion, 	Tungufell 5-19/7/77 
JT304 .1* IP11 dyke, 	Midfellsgil 043 
JT305. .* [P12 dyke at caldera fault, Midfell 073 
JT306 .* 1P2, Geitafell 	gabbro 000 
JT307 .* 1P2, Geitafell 	gabbro, 	in Efstafellsgil 021 
JT308 .* 1P2, Geitafell 	gabbro, at contact with 1P6 118 
JT309 .* 1P9 dyke, cutting 1P6 in Geitafell 	gabbro 119B 
JT310 .# 1P2, Geitafell 	gabbro (porphyritic) 	in Efstafellsgil 154 
JT3I1 .* 1P2, Geitafell 	gabbro 175 
JT312 .1* 1P3 dyke, Geitafell gabbro contact aureole 090A 
JT313 .* 1P5 sheet, Geitafell 	gabbro contact aureole 0908 
3T314 .* 1P6 sheet, Geltafell 	gabbro contact aureole 125A 
JT315 . 1P9 dyke, Geitafel.l 	gabbro contact aureole 1268 
JT316 .* 1P12 dyke, GeItafell gabbro contact aureole 127A 
JT317 .* 1P4 vein/sheet, cutting 1P3, 	G.g.contact aureole 130A 
JT318 .* 1P5? sheet, 	fine-grained, G.gabbro contact aureole 133 
JT319 .* 1P3 dyke, Geitafell gabbro contact aureole 216 
JT320 .* IP11 dyke, 	feeder to R-II, 	Geitafellsgil 9-25/8/77 
JT321 . RI 	lava, Geitafellsgil 10-25/8/77 
J.T322 .* Sheet (cut by 	1P12), 	Geitafellsgil 008 
JT323 .* RI 	intrusion (in 	HI), 	Geitafellsgil 219 
JT324 .* 1P6, Geitafell 061 
JT325 IP11 dyke 	in Bli, 	Midfell-peak, 	"Geitafell' 065 
JT326 . 1P8 sheet 	(-type), 	Geitafell 326 
JT327 .* IP1O dyke/sheet, Efetafel Is-side of Geltafell 136B 
JT328 .* Bill lava (ol-basalt), 	Geitafell 155 
3T329 .* * BIll lava (base), 	Efstafellsgil-botn, 	Geltafell 158 
JT330 IP1O sheet, Gjárnipsvatn-Efstafellsnes 165 
JT331 .*. IP5 sheet, 	Efstafell-Grasglljatindur 146 
JT332 .* IP1O sheet/dyke, 	Efstafell-Grasgiljatindur 150 
JT333 .1* Bill lava, 	1st at base, Efstafell-Grasgiljatlndur 207 
JT334 .4* Bill lava, 2nd at base, Efstafell-Grasgiljatindur 208 
JT335 .4* Gabbro, intruding Hyaloclastite I/Il, 	Svinafell 235 
JT336 . Tuff, Hyaloclastite I/Il, 	didutangi, 	SvInafell 240 
JT337 . Basalt, foreign, 	Göltur, 	Svinafell 243 
JT338 .4* Gabbro boulder, Vidbordsfjall, Unit C 5-18/8/77 
3T339 .4* IP1O sheet, gabbroic, Vidbordsfjall 1-23/8/77 
JT340 .*+ P11, Jökulfell 2-31/7/77 
JT341 .4* P11, Jökulfell 4-31/7/77 
JT342 .4* IP1O boulder, 	from dyke/sheet, Jäkulfell 10-31/7/77 
JT343 . Tuff, Hyaloclastite 	II, 	Jäkulfell 8-1/8/77 
APPENDIX II MODAL ANALYSES 
Modal analyses of samples representative of the Geitafell suite are 
shown in Table 11.1. The counting was done by laying a transparent grid 
of 2000 Points over enlarged photographs of the relevent thin sections; 
the values are volume precentages. 
In the case of the lavas, sheets, dykes and the acid intrusion the 
phases are phenocrystal. In the case of the gabbros, the dioritic 
gabbro and the diorite intrusion the phases constitute the coarse 
grained matrix. Pyroxene is clinopyroxene except in JT267B where 
orthopyroxene is present as well (total <1%). 
Interstitial areas may include altered edges of the surrounding 
crystals. They are usually altered themselves (probably after glass) 
and distinction between the two can be difficult. In the case of JT217A 
and JT279 they are felsic (quartz + alkali feldspar). 
Abbreviations are as follows: 
p1 	plagloclase 
px pyroxene 
ox FeTI oxides 
ol 	olivine 
qz quartz 
mt interstitial areas 





DC dioritic gabbro 
DI diorite intrusion 
Al acid intrusion 
195 
p1 px ox ol qz mt 
JT000 C 65 28 5 <1* 2 
JTOO2 S 10 
JT020 G 59 26 3 6 6 
JT025 C 65 19 8 2* 2 4 
JT028 S 11 
JT046 S 10 3 2* 
JT048 C 50 26 13 11 
JT078 C 76 13 6 5 
JT095 L <<1 
JT099 S 3 <<1 
JTII2 L 4 <1 <1 <1 
JT116 Al <1 <<1 
JT123 S 29 
JT124 D 30 
JT136 S <1 <<1 
JT142 S <<1 
JT143 S <<1 
JT157A L <<1 
JT16O L <<1 
JT168D L 11 <1 
JT184 L 5 <1 
3T197 D 1 
JT201E C 66 15* 10 9 
JT214 G 54 20 17 9 
JT2I5A C 71 24 5 
JT217A DI 36 14 11 39 
JT225 L <<1 
JT236 L 1 
JT254 L <0 
JT265A 0 15 
JT265B D 47 
JT267B D 15 <1 <1 3 
JT269 C 52 30 14. 4 
JT273 S 31 1 
JT279 DC 33 20 13 34 
JT284 C 51 19 12 18 
JT328 L 31 3 1 
JT329 L 9 <1 
JT333 L 45 
JT342 0/S 55 
WV 
Table ILl Modal analyses. For abbreviations see text. 
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APPENDIX III 	MINERAL DATA (in Tables 111.1 - III.5)* 
Table 111.1 Feldspar analyses 
Table 111.2 Pyroxene analyses 
Table 111.3 Olivine and biotite analyses 
Each analysis in Tables 111.1 - 111.3 is coded as follows: 
P phenocry5t or microphenocryst 
P1 matrix crystal (of gabbros and porphyritic rocks) 
X xenocryst 
L microlite (in the interstices of gabbros or in glassy rhyolites) 
1 number of crystal (tagging two or more analyses of same crystal) 
c centre of crystal 
m mantle of crystal 
e edge of crystal 
000 number of rock (omitting JT-) 
Table 111.4 FeTI-oxide and spinel analyses 
Each analysis is coded as follows: 
P, P1, 1, 000 as above 
d the dull bulk of a crystal with exsolution pattern 
r a reflective band of a crystal with exsolution pattern 
h homogenous crystal 
Table 111.5 Glass analyses 
Each analysis is coded as follows: 
Ga- gabbro, the interstitial glass 
Di- diorite, the interstitial glass 
BA- basaltic andesite, the interstitial glass 
Rh- rhyolite, the glassy groundmass 
000 as above 
* FeO is total iron except in some analyses in Table 111.4 
where it has been recalculated as FeO and Fe203. 
Table 118.1 
now  
2 3 4 5 6 7 8 
M1000 P1800 P1e008 P2c000 	02e000 P3c000 02c000 02000 
WEIGHT PERCENT OXIDES 
S102 52.62 46.37 52.40 41.93 52.45 49.42 52.00 53.91 
AL203 20.30 32.25 29.30 32.26 20.18 31.63 29.78 28.58 
rEQ 0.56 0.65 0.67 0.15 0.61 0.63 0.54 0.83 
MOO 0.07 0.07 0.08 0,00 0.01 0.00 0.01 0.07 
COO 42.87 17.47 12.41 16.38 44.49 15.25 43.03 41.57 
RHO 0.01 0.00 0.00 0100 0.00 0100 0100 0.01 
*020 3.85 1.66 4.06 _2.08 4.45 2.16 4.00 4.77 
020 0.44 0.06 0.44 0.06 0.24 0.11 0.25 8.2 
TOTAL 99.81 98.23 99.36 99.55 97.49 99.88 99.67 100.01 
MOLE PERCENT ENOMENBERS 
88 33.3 14.4 35.1 18.0 39.5 23.8 34.3 40.1 
AN 64.2 85.3 62.4 81.7 59.4 75.6 64.3 50.0 
OR 2.5 0.3 2.5 0.3 4.4 016 1.4 1.4 
9 to II 12 13 14 IS 16 
P4c000 P4e000 M3c000 M1002 M2c802 82c002 43c002 M4002 
WEIGHT PERCENT OXIDES 
S102 47.33 54.64 54.01 58.02 52.67 52.65 52.55 50.44 
A1203 32.78 27.78 28.34 25.29 20.57 20.74 29.10 30.52 
ItO 8.60 0.48 0.56 0.43 0.94 0.85 0.93 0.70 
MOO 0.07 0.06 0.08 0.06 0.47 0.15 8.18 0.24 
COO 16.97 11.00 11.78 1.77 12.12 12.29 42.54 44.04 
8*0 0.00 0.00 0.00 0.04 0.00 0.01 0.01 0.04 
*020 1.04 5.22 4.67 6.90 4.61 4.41 4.32 3.34 
028 0.05 0.27 0.35 0.25 0.16 0.45 0.14 8.11 
TOTAL 99.64 99.45 99.85 98.84 99.24 99.25 99.77 99.37 
MOLE PERCENT ENDREMOERS 
AD 45.9 44.5 39.9 59.8 38.6 37.4 36.4 284 
AN 83.8 54.0 58.2 38.0 60.5 61.7 62.9 10.7 
OR 013 I'S 2.0 1.4 0.9 0.0 0.8 0.6 
II 10 19 20 21 22 23 24 
84,002 PlcOO2 P10O2 P4,002 P1c020 P1e020 P2c020 P2i020 
WEIGHT PERCENT OXIDES 
S102 64.58 47.14 46.27 65.10 46.26 49.16 46.61 47.07 
81203 20.82 32.91 33.56 21.26 33.46 31.53 33.30 33.15 
ItO 0.51 0.53 0.51 0.47 0.66 0.82 0.73 0.69 
MED 0.04 0.20 0.17 0.03 0.11 0.10 0.12 8.42 
CAD 2.53 16.76 17.38 2.84 17.40 15.10 17.04 46.84 
RHO 0.06 0.04 0.00 0.05 0.00 0.00 0.00 0.00 
NH20 9.52 1.85 1.63 9.45 1.75 2.97 1.83 1.07 
020 0.65 0.05 0.05 0.53 0.04 0.06 0.04 0.05 
TOTAL 90.71 99.48 qq.5 99.73 99.30 99.14 99.67 99.70 
ROLE PERCENT ENDREMBERS 
AR 02.4 16.1 14.0 01.5 15.1 25.2 15.7 16.1 
AN 14.2 83.7 05.7 15.5 84.7 74.5 84.4 83.6 
OR 3.7 0.3 0.3 3.0 0.2 0.3 0.2 03 
(cent.) 	FELDSPAR 
25  26 27 28 29 30 31 32 
P2020 P2e020 P2020 41c020 82c020 83c020 84c020 84028 
WEIGHT PERCENT OXIDES 
5102 46.50 47.89 49.45 49.32 48.17 51.20 40.99 50.39 
01203 33.73 32.35 31.80 31.13 31.86 29.66 31.12 25.33 
lEO 0.74 0.78 0.87 0.80 0.76 0.84 0.83 0.65 
460 0.10 0.11 0.12 0.14 0.14 0.14 0.13 0.05 
COO 17.21 16.09 15.24 44.59 15.36 13.87 44.07 7.33 
800 0.01 0.00 8.00 0.00 0.00 0.00 0.00 0.01 
*020 1.71 2.32 2.80 3.16 2.65 4.06 2.96 7.13 
020 0.04 0.06 0.06 0.07 0.06 0.10 0.06 0.31 
TOTAL 100.12 99.60 100.04 99.21 99.00 99.07 98.96 99.15 
MOLE PERCENT ENDNEMBERS 
08 14.7 19.9 23.9 27.0 22.0 34.4 25.4 60.9 
ON 85.1 79.7 75.0 72.7 76.0 65.1 74.3 37.3 
OR 0.2 0.3 0.3 0.4 4.3 0.6 0.3 1.7 
33 34 35 36 37 38 39 40 
M1c025 Ml025 Ml025 M1025 01,025 111i025 Nl,025 84,025 
WEIGHT PERCENT OXIDES 
5102 46.29 48.37 47.91 40.55 47.13 40.34 46.90 48.94 
01203 32.74 31.57 32.01 31.55 32.55 31.48 32.81 31.10 
lEO 0.53 0.60 1.21 0.60 0.63 0.61 0.56 0.57 
MOO 0.05 0.09 8.31 0.09 0.07 0.09 0.06 0.00 
CAD 47.21 46.06 16.44 15.84 16.92 15.05 47.29 15.33 
RHO 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 
4020 1.74 2.34 1.95 2:46 1.04 2.42 1.16 2.71 
020 8.04 0.05 0.04 0.05 0.03 0.05 0.03 0.06 
TOTAL 98.60 99.09 99.87 99.14 99.18 90.04 99.49 90.00 
MOLE PERCENT ENOMEMOERS 
HR 15.1 20.2 16.5 21.3 16.0 24.0 15.1 23.5 
AN 84.7 79.5 83.3 78.5 83.9 70.0 04.7 76.2 
OR 0.2 013 0.2 0.3 0.2 0.3 0.2 8.3 
41 42 43 44 45 46 47 40 
Ml,025 42c025 M2e025 82,025 83c025 M3e825 M4c025 114025 
WEIGHT PERCENT OXIDES 
S102 52.04 46.64 54.78 57.02 53.15 58.02 47.79 56.39 
01203 29.17 32.92 20.33 25.11 28.31 25.57 32.05 26.14 
I lEO 0.59 0.50 0.43 0.49 0.45 0.62 0.62 0.57 
MOO 0.00 0.06 0.04 0.03 0.04 0.04 845 0.04 
COO 42.66 17.19 11.46 0.30 11.69 0.33 16.35 9.15 
BAD 0.00 0.00 0.80 0.01 0.00 0.05 0.00 0.04 
AA20 4.22 1.70 4.76 6.45 4.65 6.34 2.47 5.92 
020 0.19 0.05 0.37 0.57 0.35 0.63 8.04 0.40 
TOTAL 99.75 99.05 100.17 90.70 90.64 99.60 09.07 90.73 
HOLE PERCENT EADNEMRERS 
80 36.2 44.0 41.2 55.4 40.2 54.4 40.0 54.2 
AN 62.7 04.9 56.7 41.0 57.8 42.1 84.0 46.4 
OR 4.1 0.3 2.4 3.2 2.0 3.6 0.2 2.7 
[ffflDUN'RI'JIW 
49 50 54 52 53 54 55 56 
M1c0200 Nl028O PIc0200 P1,0200 PIc02QA P1e028A P20200 P2eO28A 
WEIGHT PERCENT OXIDES 
S102 52.26 56.76 46.71 47.77 57.29 58.74 56.70 60.36 
ALlOT 29.24 26.44 33.42 32.39 26.19 25.04 26.70 24.05 
REO 0.49 o;ss '0257 '8:59 - V;55 '047 036' •A;32" 
008 0.03 0.45 0.03 0.03 0.03 0.03 0.04 0.03 
LAO 12.33 8.73 16.83 15.94 8.67 7.39 9.44 6.12 
000 0.00 0.03 0.00 0.00 0.02 0.02 0.00 0.04 
W020 4.30 6.01 1.05 2.42 6.09 6.86 5.10 1.44 
020 0.28 0.61 8.00 0.12 0.65 0.67 0.51 0.59 
TOTAL 90.93 99.29 99.55 99.25 99.49 99.19 99.65 98.92 
MOLE PERCENT ENDMEMBERS 
AR 37.3 51.0 16.1 20.9 52.6 59.1 49.5 65.4 
AN 61.1 44.7 034 79.4 43.7 37.4 47.6 31.2 
OR 1.6 3.5 015 0.1 3.7 3.3 2.9 3.4 
51 50 59 60 61 62 63 64 
P2cO2DA P2028A P20790 P2O288 P20200 P1c046 P2c046 P7046 
HEIGHT PERCENT OXIDES 
5102 47.00 45.90 46.49 52.52 57.68 45.95 47.00 47.00 
01203 32.89 33.41 32.00 29.23 25.96 33.25 32.06 32.00 
FED 0.55 0.67 0.73 0.42 0.39 0.63 0.69 0.71 
MOO 0.04 0.03 0.02 0.03 0.03 0.13 0.15 0.11 
COO 16.80 47.44 16.55 12.38 8.40 17.51 16.69 16.03 
BAD 0.00 0.00 0.02 0.01 0.01 0.00 0.00 0.00 
HA20 1.06 1.47 1.94 4.22 6.20 1.53 2.07 2.05 
020 0.06 0.06 0.09 0.31 0.56 0.03 0.04 0.04 
TOTAL 99.20 98.98 90.64 99.12 99.31 99.03 90.77 90.07 
MOLE PERCENT ENONEMBERS 
AR 16.2 12.8 16.9 36.0 54.7 43.2 17.7 17.4 
AN 83.4 06.0 82.6 61.4 42.1 86.6 02.1 82.4 
OR 0.3 013 0.5 1.8 3.2 0.2 0.2 0.2 
65 	66 	67 	68 	69 	70 	71 	72 
P4c046 P4,046 P5,046 P6,046 P6e046 P7c046 81,046 Ml046 
HEIGHT PERCENT OXIDES 
3102 53.04 57.00 40.06 46.50 59.56 46.77 54.40 56.37 
01203 20.60 26.22 34.74 32.70 24.23 32.13 27.36 25.38 
FED 0.03 0.58 41.65 0.65 0.54 0.62 0.74 1.30 
MOO 0.14 8.09 0.16 0.15 0.04 0.17 0.10 0.28 
(.80 12.71 9.12 16.20 47.32 6.90 16.70 10.82 9.02 
NO20 4.06 6.35 2.41 1.75 1.50 2.03 5.18 6.14 
028 0.27 0.24 0.05 0.03 0.30 0.05 0.17 0.24 
TOTAL 09.73 99.60 99,35 99.10 99.23 98.47 98.05 90.13 
MOlE PERCENT ENDMEHBERS 
AR 34.6 53.5 28.4 14.9 63.2 17.4 44.4 50.9 
AN 6310 45.2 79.4 04.9 34.7 37.4 54.6 47.8 
OR 1.5 1.3 0.3 8.2 2.4 0.3 8.1 1.3 
03 
I1Dfl4$IiISl 
13 14 15 10 77 70 79 00 
N2c046 83c046 83e046 M4046 Olc048 42048 82040 M204 1  
WEIGHT PERCENT OXIDES 
5102 54.32 49.98 64.06 53.20 53.42 52.90 52.42 54.12 
01203 27.00 28.58 23.71 28.56 20.35 29.32 29.70 27.42 
060 0.12 0.86 0.57 0.80 0.74 0.77 0.80 0.67 
860 0.44 0.36 0.16 0.43 0.43 0.14 0.44 0.11 
CAD 10.48 43.34 6.49 12.24 1242 43.09 12.91 11.12 
000 0.00 0.00 0.00 0.00 0.00 0.00 0104 0.00 
8020 5.54 3.56 7.81 4.55 4.55 4.30 4.41 5.22 
020 0.21 0.11 0.30 0.47 0.43 0.12 0.12 0.41 
TOTAL 98.30 96.69 99.80 99.65 99.74 400.72 99.57 99.43 
MOLE PERCENT ENDMENDERS 
AD 46.7 30.6 66.2 39.3 30.2 36.1 36.9 44.1 
-XN 2T ln 32T g97 51 -. I •3 G25 55 0 
OR 4.2 0.6 4.7 0.9 017 0.7 0.7 0.9 
81 82 83 84 85 86 87 00 
82e048 1!c048 l2c048 81c018 84,078 82e018 413070 M1c095 
WEIGHT PERCENT OXIDES 
S102 60.70 64.11 64.83 47.00 52.25 50.01 54.46 52.54 
01203 24.29 2246 21.60 33.04 29.92 25.36 26.61 20.90 
lEO 0.47 0.32 0.22 0.58 0.74 0.57 0.59 4.45 
4160 0.05 0.02 0.03 0.40 0.40 0.04 0.05 0.15 
COO 6.53 3.80 3.30 17.48 13.13 8.22 10.24 42.69 
DAD 0.01 0.04 0.03 0.02 0.06 0.05 0.05 0.06 
8020 7.81 9.45 8.83 1.64 3.92 6.44 5.21 4.08 
020 0.38 0.59 1.09 0.04 0.43 0.56 0.34 0.49 
TOTAL 100.24 100.76 100.73 99.90 99.20 98.95 97.64 99.76 
MOLE PERCENT (ND4ENDERS 
AD 65.6 78.2 73.5 14.1 33.7 54.2 45.0 34.5 
AN 32.3 18.6 16.2 85.1 65.6 42.5 52.3 64.5 
OR 2.4 3.2 40.4 0.2 0.1 3.3 2.0 1.1 
89 90 91 92 93 96 95 96 
M2c095 P1c095 M3cO95 H1c099 84099 H2c099 82,099 #3c099 
WEIGHT PERCENT OXIDES 
5402 49.00 49.96 54.52 56.02 54.05 50.61 55.84 50.76 
01203 32.39 30.23 28.94 26.06 27.25 30.06 25.05 29.76 
CEO 1.73 0.90 4.02 0.72 0.66 0.78 2.34 0.89 
MOO 0.34 0.21 0.45 0.08 0.11 0.20 0.75 0.24 
COO 11.23 44.29 42.96 9.90 40.38 14.04 8.30 43.72 
DAD 0.04 0.06 0.06 0.04 0.04 0.01 0.06 0.06 
8020 3.15 3.43 3.90 5.99 5.52 3.50 6.32 3.69 
020 0.48 0.11 0.49 0.34 0.26 0.09 0.25 0.40 
TOTAL 90.66 99.49 90.00 99.72 99.07 99.27 98.00 99.41 
I 	MOLE PERCENT ENDMEMDERS 
AD 33.8 20.7 33.7 49.6 46.8 79.6 50.0 34.4 
AN 65.4 70.7 65.2 40.7 54.0 69.9 40.7 68.4 
OR 1.4 0.6 1.1 4.7 1. 1 0.5 113 0.6 
(cent.) FELDSPAR 
97 90 99 100 101 402 103 404 
M3099 M3e099 P4c099 P4099 M6c099 M4099 85c099 15,399 
WEIGHT PERCENT OXIDES 
S102 57.01 55.44 46.93 47.34 54.23 56.14 59.47 57.01 
01203 25.03 25.90 32.65 32.04 27.04 26.13 22.41 25.23 
lEO 0.91 1.19 0.57 0.62 1.17 1.02 0.60 0.02 
860 0.44 0.37 0.22 0.23 0.47 0.11 0.18 0.44 
COO 8.98 9.68 46.72 46.50 10.53 9.17 6.03 9.36 
000 0.06 0.04 0.03 0.03 0.03 0.06 0.02 0.01 
0020 6.41 5.97 1.94 2.10 5.50 6.11 0.27 6.62 
020 0.26 0.20 046 0.05 0.21 0.23 0.24 0.27 
10101 99.60 98.74 99.12 98.96 98.85 98.97 97.49 99.46 
MOLE PERCENT ENDMENOERS 
AD 53.2 48.3 46.7 18.5 45.5 51.6 68.1 53.0 
AN 45.4 50.6 83.0 84.2 53.4 47.2 38.7 44.7 
OR 1.4 4.1 0.3 0.3 4.1 1.3 114 1.5 
105 106 107 108 109 110 III 112 
14th2 12c112 Pie!!? P2c112 P2,442 P2.412 P2,112 P2I12 
WEIGHT PERCENT OXIDES 
S102 65.75 66.13 62.86 64.63 63.90 64.37 64.41 64.47 
01203 20.95 20.80 20.48 21.32 24.02 21.24 21.10 20.89 
030 030 036 
800 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
CAD 2.16 2.52 2.05 2.68 3.34 2.99 2.91 2.91 
000 0.00 0.00 0.08 0.13 0.12 0.13 0.11 0.12 
8020 0.87 9.40 8.52 9.10 8.93 9.41 9.23 9.02 
620 1.21 1.05 0.82 0.92 0.60 0.93 0.91 0.82 
TOTAL 99.70 99.07 97.62 99.32 98.67 99.07 90.98 98.29 
MOLE PERCENT ENDMEMDERS 
AD 70.9 80.5 14.5 79.9 78.9 79.2 79.0 79.7 
AN 43.7 13.4 20.8 14.8 17.7 15.5 45.1 15.6 
OR 7.4 6.1 4.7 5.3 3.5 5.3 5.2 4.8 
113 114 115 146 Ill 448 119 120 
P3c112 P6c142 13th2 P1c116 P1.116 P1,116 P2,116 P2.146 
WEIGHT PERCENT OXIDES 
6102 63.71 62.22 73.65 64.28 64.19 63.82 63.80 63.70 
06203 20.95 22.40 13.36 24.41 21.26 24.05 21.21 21.09 
CEO 0.27 0.34 1.38 0.21 0.27 0.29 0.27 0.24 
MOO 0.00 0.00 0.01 0.01 0.02 0.04 0.02 0.00 
COO 2.94 4.48 0.02 3.14 2.78 2.68 2.62 2.05 
000 0.12 0.10 0.11 0.11 0.00 0.08 0.07 0.10 
NA20 9.26 8.49 4.04 9.27 8.90 0.81 9.09 0.98 
020 0.09 0.63 2.06 0.06 4.89 4.04 1.71 4.59 
TOTAL 99.12 90.66 97.00 99.62 99.39 98.64 98.87 90.63 
MOLE PERCENT ENDMEMDERS 
AD 79.0 73.7 62.4 78.9 75.4 15.9 71.4 16.7 
AN 1511 22.0 3.6 45.7 14.4 43.0 43.0 44.3 
OR 5.4 3.6 24.3 5.4 10.5 40.4 9.5 3.9 
(coot.) 	FELDSPAR 
421 122 123 124 425 426 421 120 
P2,416 P2,146 P3c416 P3,116 P4c116 P5,116 P52146 P1c423 
WEIGHT PERCENT OXIDES 
5402 65.00 64.05 64.13 63.37 63.22 64.27 63.30 46.31 
01203 19.75 20.92 24.27 24.49 24.06 24.59 24.77 32.92 
CEO 0.61 0.28 0.24 0.20 0.21 0.20 0.26 0.64 
860 0.01 0.01 0.02 0.00 0.01 0.01 0.00 0.20 
CAD 1.64 2.74 2.14 3.06 3.72 3.04 3.38 47.13 
800 0.12 0.09 0.11 0.09 9.06 0.07 0.09 0.00 
8020 8.48 8.02 9.33 9.06 0.08 9.16 9.24 1.75 
020 3.42 1.02 0.94 1.43 0.71 1.33 0.93 0.05 
TOTAL 99.50 98.73 98.78 98.70 98.79 99.72 98.04 90.97 
HOLE PERCENT ENOMENDERS 
AD 13.4 75.6 80.6 76.7 16.8 77.5 79.5 15.0 
AN 9.3 16.1 14.1 15.3 18.9 15.2 16.9 84.7 
OR 17.1 10.3 5.3 8.0 4.4 7.4 4.7 0.3 
129 130 131 132 433 134 435 136 
P!c123 P2e123 P3c123 P3.123 P3,123 P3,123 P3023 P4c123 
WEIGHT PERCENT OXIDES 
5102 47.60 47.49 47.17 41.50 47.26 46.09 46.62 46.39 
AL203 32.30 33.06 33.42 33.25 33.00 33.16 33.32 32.78 
CEO 0.65 0.65 0.60 0.65 0.62 0.64 0.67 0.53 
MOO 0.20 0.19 0.52 0.20 0.20 0.19 0.20 0.46 
COO 16.52 16.65 17.33 16.08 16.98 47.35 17.25 47.23 
BOO 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
8020 2.15 1.95 1.73 1.06 1.87 1.66 1.62 1.67 
020 0.05 0.04 0.04 0.05 0.04 0.04 0.03 0.06 
TOTAL 99.55 100.03 100.82 100.39 99.97 99.93 99.71 98.00 
HOLE PERCENT ENDMEMOERS 
-At • 	18 1038 1438' "0020 'I1.IE2 '10:0 
AN 04.4 83.0 85.4 83.8 83.8 85.6 85.9 05.3 
OR 0.3 0.2 0.2 0.3 8.2 0.2 0.2 0.2 
137 130 139 140 161 142 143 144 
P5c123 P5,123 P6c123 P6,123 P4c124 P1c124 P1.124 P4.124 
WEIGHT PERCENT OXIDES 
S102 46.40 46.77 47.31 49.42 47.01 46.70 40.02 40.25 
01283 33.43 32.96 32.86 31.26 32.31 32.49 31.41 31.41 
160 0.62 0.69 0.60 0.73 0.73 0.66 0.67 0.66 
MGO 0.47 0.49 0.20 0.24 0.42 0.11 0.45 0.42 
COO 17.42 17.12 16.79 15.25 16.18 17.02 15.01 45.14 
800 0.00 0.00 0.02 0.00 0.03 0.00 0.00 0.03 
HA20 1.49 1.71 4.09 2.04 1.94 4.70 2.39 2.01 
020 0.02 0.83 0.03 0.05 0.05 0.03 0.06 0.17 
TOTAL 99.55 99.47 99.70 99.79 98. 144 98.87 98.51 90.54 
MOLE PERCENT ENDMENDERS 
00 12.9 44.7 46.3 24.4 16.4 15.4 20.7 40.4 
AN 01.0 85.4 03.5 75.1 03.3 84.5 19.0 00.6 
DR 3.4 0.2 0.2 0.3 0.3 0.2 0.3 0.1 
	
(11(t) 	FELDSPAR 
145 	146 	147 	148 	149 	150 	151 	152 
P2c124 P2,124 P2024 P2,124 P3cI21 p3.124 P3,124 P31124 
WEIGHT PERCENT 091815 
5102 	46.68 	48.20 	46.68 	54.03 	41.03 	46.92 	49.37 	49.87 
01203 32.15 	31.52 	33.25 	28.21 	33.04 	32.65 	30.51 	30.13 
CEO 	0.61 	0.71 	0.70 	0.81 	0.59 	0.64 	0.73 	0.71 
060 0.13 	0.14 	0.12 	0.12 	0.14 	0.11 	0.15 	0.15 
COO 	16.63 	15.72 	16.94 	11.06 	16.75 	6.69 	14.44 	14.78 
BOO 0.01 	0.03 	0.01 	0.03 	0.04 	0.02 	0.00 	0.02 
0020 	1.82 	2.44 	1.71 	4.97 	1.16 	141 	3.32 	3.11 
820 0.04 	0.06 	0.04 	0.18 	0.04 	0.03 	0.09 	0.08 
TOTAL 	98.73 	90.82 	99.45 	99.41 	99.39 	90.87 	98.61 	99.45 
MOLE PERCENT E08000BERS 
88 	15.9 	21.1 	14.9 	42.7 	15.4 	15.9 	20.2 	26.5 
AN 03.0 	78.6 	85.0 	56.3 	94.3 	84.0 	71.3 	73.1 
OR 	0.2 	0.3 	0.2 	1.0 	0.2 	0.2 	0.5 	0.5 
153 	154 	155 	156 	151 	158 	159 	160 
P3,124 P1036 P1,136 01c136 01c142 PII42 01,142 P11143 
WEIGHT PERCENT OXIDES 
5102 	49.52 	55.21 	56.13 	58.25 	65.24 	61.35 	61.62 	48.94 
01203 31.53 	21.14 	26.34 	25.37 	21.56 	23.14 	22.94 	31.33 
FED 	0.72 	0.46 	0.58 	0.40 	0.04 	0.28 	0.31 	0.80 
860 0.15 	0.08 	0.02 	0.03 	0.00 	0.02 	0.00 	0.17 
COO 	15.10 	10.42 	9.49 	7.79 	2.67 	9.13 	4.63 	15.43 
DAD 0.03 	0.00 	0.00 	0.01 	0.00 	0.04 	0.01 	0.00 
8820 	2.92 	5.62 	6.26 	7.53 	10.44 	8.45 	9.72 	2.81 
820 0.08 	0.27 	0.20 	0.25 	0.10 	0.60 	0.64 	0.06 
TOTAL 	100.03 99.20 	99.02 	99.63 100.05 99.01 	98.87 	99.54 
~
4018 PERCENT ENOMEMBERS 
88 	24.1 	41.6 	52.6 	61.8 	81.0 	71.5 	13.1 	23.7 
AN 75.4 	50.9 	46.3 	36.9 	12.4 	25.1 	224 	76.0 
OR 	0.5 	1.5 	111 	1.4 	0.6 	3.3 	3.6 	0.3 
161 	162 163 164 165 166 167 168 
P1.143 	P2c143 P2eI43 P3c143 41c143 N2cI43 P1.1570 P1.1570 
WEIGHT PERCENT OXIDES 
5102 52.99 	50.74 54.15 49.98 54.19 54.79 69.85 49.65 
01203 -"2865 	30.33 27:83. 30:41 29.88 26:76 30:62 3104 
0(0 1.07 	0.90 1.19 0.84 1.95 1.91 0.75 0.92 
860 0.19 	0.19 0.08 0.21 0.04 0.11 0.19 0.16 
COO 12.10 	14.46 10.63 14.77 10.98 10.63 14.60 15.05 
NA20 4.66 	3.42 5.12 3.14 5.11 5.59 3.17 2.98 
820 0.16 	0.11 0.53 0.00 0.26 0.25 0.18 0.13 
TOTAL 99.82 	100.13 98.83 99.43 99.21 100.04 99.20 99.93 
MOLE PERCENT E888ENDERS 
00 30.6 	20.5 43.0 26.4 39.0 44.6 26.9 25.0 
AN 60.5 	70.9 56.1 73.1 50.9 54.1 72.5 74.2 
OR 0.9 	0.6 2.9 0.4 1.3 1.3 0.6 0.1 
(colt.) 	FELDSPAR 
169 	170 	111 	172 	173 	174 	115 	116 
71,1510 PIIS7A 02(1570 020578 P3c1510 P30510 P4c1570 P4.1570 
WEIGHT PERCENT OXIDES 
S102 	50.71 	49.66 	47.90 	40.53 	52.32 	55.22 	49.02 	
68.53 
01203 30.90 	31.23 	32.17 	34.11 	20.74 	26.45 	30.92 	31.66 
110 	0.04 	0.71 	0.71 	0.97 	1.06 	1.30 	0.71 	
0.80 
060 0.18 	0.16 	0.19 	0.20 	0.18 	0.59 	
0.10 	0.18 
COD 	14.84 	14.09 	16.24 	14.16 	12.75 	10.71 	14.13 	15.41 
080 0.00 	0.01 	0.01 	0100 	0100 	0.00 	0.00 	
0100 
9020 	2.97 	2.08 	2.33 	3.00 	4.12 	5.23 	3.08 	
2.60 
820 0.28 	0.16 	0.07 	0.00 	0.11 	0.27 	0.09 	
0.00 
TOTAL 	100.72 	99.76 	99.66 	97.05 	99.34 	99.17 	99.53 	
99.32 
MOLE PERCENT ENOMENDERS 
AS 	25.1 	24.7 	19.8 	26.2 	34.7 	42.4 	26.3 	
22.3 
AN 73.4 	74.4 	79.8 	73.3 	64.1 	56.2 	73.2 	
77.3 
OR 	116 	0.9 	014 	0.5 	0.9 	114 	0.5 	0.5 
177 	170 	179 	180 	101 	102 	183 	104 
P4.1570 P4I57A P5I57A P5.157A P5.1518 N1c1570 $211570 P1c160 
HEIGHT PERCENT OXIDES 
5102 	40.84 	50.01 	49.98 	49.50 	49.93 	53.43 	53.46 	
52.60 
81203 31.49 	30.75 	31.05 	30.91 	30.46 	28.04 	28.04 	20.89 
• PER 	0.13 	0.17 	8.57 	0.78 	0.87 	1.29 	1.24 	
0.99 
060 0.16 	0.18 	0.12 	0.15 	0.16 	0.29 	0.12 	0.13 
COO 	15.40 	14.65 	15.40 	15.10 	14.41 	11.71 	11.59 	
12.88 
8020 2.57 	3.08 	2.67 	2.06 	3.20 	440 	4.69 	
4.14 
820 	0.06 	0.07 	0.05 	0.08 	0.12 	0.20 	0.24 	0.18 
TOTAL 99.33 	99.51 	99.04 	99.46 	99.13 	99.56 	99.38 	99.81 
MOLE PERCENT ENDHEM8ERS 
AS 	22.2 	26.3 	23.1 	24.4 	27.3 	38.4 	39.5 	34.0 
AN 77.5 	73.3 	76.6 	75.1 	72.1 	60.5 	59.2 	
64.2 
OR 	013 	0.4 	0.3 	0.5 	0.7 	1.1 	113 	1.0 
105 	106 	187 	108 	189 	190 	191 	192 
P1.160 P2(160 02,160 P3I60 03,160 01cI60 $1,160 P1168D 
WEIGHT PERCENT OXIDES 
S102 	53.43 	52.70 	53.43 	51.53 	52.71 	54.84 	58.53 	47.97 
$1203 28.48 	20.99 	20.32 	29.46 	20.37 	27.44 	24.90 	31.63 
CEO 	1.02 	0.05 	1.02 	0.04 	0.99 	1.19 	1.05 	0.55 
060 0.12 	0.17 	0.12 	0.15 	0.12 	0.16 	0.13 	0.20 
COO 	12.26 	12.96 	11.70 	13.70 	12.18 	11.26 	7.07 	16.17 
088 0.00 	0.02 	0.02 	0.00 	0.00 	0.02 	0.03 	0.00 
$020 	4.64 	4.14 	4.65 	3.72 	4.54 	4.72 	6.62 	2.30 
828 0.22 	0.16 	0.21 	0.16 	0.22 	0.49 	0.70 	0.05 
TOTAL 	100.17 	99.99 	99.53 	99.64 	99.19 	99.32 	99.83 	
98.07 
MOLE PERCENT E800EMBERS 
08 	38.4 	34.0 	39.3 	31.2 	30.0 	39.7 	55.3 	19.7 
88 80( -64: 	WI' 	679 	6038 	57 .1 	00:9 '00.0 
OR 	1.2 	0.9 	1.5 	0.9 	1.2 	2.7 	3.0 	0.3  
( c ont.) 	FELDSPAR 
193 194 195 196 191 198 199 200 
P1.1680 P2I68D P2.1608 01c1608 81.1688 M21680 02.1608 P1c104 
HEIGHT PERCENT OXIDES 
6102 55.00 41.91 49.14 53.47 58.93 52.51 56.10 49.12 
A1203 27.23 32.26 31.03 21.60 24.21 26.45 25.43 31.17 
160 0.94 0.69 0.76 0.92 0.06 1.20 0.84 0.69 
030 0.13 0.16 0.16 0.13 0.07 0.19 0.08 0.19 
COO 11.13 16.54 15.68 11.41 7.39 11.86 8.91 14.94 
880 0.00 0.00 0.01 0.00 0.02 0.03 0.01 0.00 
9020 5.22 2.09 2.65 5.07 1.17 4.74 6.36 2.99 
820 0.21 0.05 0.08 0.20 0.44 0.10 0.32 0.09 
TOTAL 99.86 99.69 99.51 99.08 99.09 97.16 98.05 99.19 
MOLE PERCENT ENDOENDERS 
88 63.5 17.8 22.4 42.2 59.9 39.3 53.4 25.5 
00 55.4 01.9 77.1 56.7 37.7 59.8 44.9 74.1 
OR 1.2 0.3 0.5 1.1 2.4 1.0 1.8 015 
201 202 203 204 205 206 207 208 
P1.104 P1.184 P2c184 P2.184 P3,184 P3(184 P4(184 P5c184 
WEIGHT PERCENT OXIDES 
6102 53.95 53.61 48.21 53.66 52.24 48.80 40.90 48.31 
AL203 27.90 21.53 31.72 28.24 28.82 28.96 30.90 31.27 
CEO 1.14 1.03 0.81 1.00 0.05 0.85 0.83 0.91 
060 0.15 0.14 0.17 0.15 0.10 0.15 0.20 0.22 
CAD 11.36 10.84 15.63 11.50 12.16 15.81 15.12 15.51 
0020 4.95 5.21 2.63 4.86 4.45 3.55 2.95 2.61 
820 0.20 0.26 0.07 0.22 0.13 0.13 0.07 0.08 
TOTAL 99.65 98.62 99.24 99.63 99.43 98.25 99.05 98.97 
MOLE PERCENT ENOMEMOERS 
00 41.4 43.7 22.3 40.8 36.8 27.6 24.9 22.1 
AN 57.5 54.9 77.3 58.0 62.5 71.1 74.8 77.5 
OR 1.1 114 8.4 1.2 0.7 0.7 0.4 0.5 
209 210 211 212 213 214 215 216 
P5.184 P5,104 01c184 M2c184 N3c184 P1c197 P2c197 P2097 
WEIGHT PERCENT OXIDES 
S102 50.03 49.45 53.60 55.15 51.55 50.04 50.05 55.99 
$1283 30.14 30.52 26.53 25.79 28.87 30.11 30.03 26.04 
FED 1.12 1.30 2.50 2.33 1.00 0.63 0.67 0.68 
060 0.18 0.21 0.90 0.75 0.17 0.18 0.19 0.06 
COO 13.93 14.45 10.36 9.56 12.86 14.17 14.10 9.59 
800 0.00 0.02 0.00 0.00 0.00 0.01 0.01 0.03 
NA20 3.56 3.10 4.79 5.35 4.08 3.30 3.38 5.70 
820 0.10 8.09 0.36 0.41 0.20 0.11 0.09 0.26 
TOTAL 99.06 99.22 99.04 99.34 90.01 98.55 90.60 99.23 
MOLE PERCENT ENDOENOERS 
08 29.8 26.6 38.3 42.9 34.2 28.4 20.9 49.9 
AN 69.7 72.9 59.9 55.0 64.7 71.0 706 40.7 
08 0.6 0.5 1.9 2.2 1.1 0.6 4.5 1.5 
	
(cent.) 	FELDSPAR 
217 	218 	229 	220 	222 	222 	223 	224 
MIc191 M2r197 M2I97 13cI97 M4c197 05c197 HIc2OIE 01e2011 
WEIGHT PERCENT OXIDES 
5102 	55.19 	53.43 	$7.37 	53.40 	55.95 	53.22 	46.06 	47.96 
01203 26.62 	27.05 	75.71 	23.47 	26.33 	20.07 	31.74 	30.90 
FEO 	0.07 	0.17 	0.50 	0.88 	0.55 	0.09 	0.75 	0.78 
NGO 0.00 	0.14 	0.04 	0.09 	0.05 	0.22 	0.10 	0.09 
CAD 	10.01 	11.68 	8.23 	10.14 	9.25 	11.02 	16.58 	25.82 
200 0.03 	0.01 	0.02 	0.05 	0.02 	0.03 	0.00 	0.00 
NA20 	5.52 	4.65 	6.42 	6.42 	6.00 	4.52 	2.26 	2.66 
020 0.25 	0.28 	0.33 	0.37 	0.26 	0.29 	0.06 	0.06 
TOTAL 	98.57 	98.71 	9846 	94.01 	90.42 	98.75 	98.25 	98.27 
MOlE PERCENT ENOMENDERS 
00 	47.4 	39.9 	56.0 	50.5 	51.9 	38.1 	20.4 	22.5 
AN 52.2 	59.1 	42.2 	47.6 	46.6 	60.2 	81.3 	77.2 
OR 	1.4 	2.0 	1.9 	1.9 	2.5 	111 	0.3 	0.3 
225 226 227 228 229 230 232 232 
112c201( M220lE M3c201E N3.201E M1c214 211.214 H1e214 M2c214 
EIGHT PERCENT OXIDES 
102 49.94 55.11 47.22 51.70 47.37 53.49 54.37 46.56 
1203 29.84 26.97 31.51 20.83 32.54 20.26 29.36 33.23 
EO 0.68 0.66 0.77 0.70 0.64 0.74 2.34 0.54 
GO 0.20 0.06 0.26 0.00 0.09 0.13 0.70 0.26 
00 14.09 20.39 16.29 22.90 11.33 22.06 20.34 27.54 
LAO 0.04 0.00 0.00 0.00 0.06 0.02 0.09 0.02 
A20 3.43 5.61 2.28 4.37 1.84 4.69 5.50 2.67 
20 0.09 0.33 0.05 0.16 0.03 0.24 0.15 0.03 
OTAI 98.21 99.13 98.18 98.74 99.90 99.23 90.05 99.65 
IXIE PERCENT ENOMEMBERS - 
2 29.5 47.1 19.8 36.5 25.6 39.9 42.8 24.2 
0 70.0 52.0 80.4 62.6 04.2 59.3 56.5 05.6 
R 0.5 2.8 0.3 0.9 0.2 0.0 0.8 0.2 
233 234 235 236 237 238 239 240 
212e214 213.224 213014 M3c2I8 123.214 214c224 124224 84,214 
EIGHT PERCENT OXIDES 
102 56.63 55.23 53.01 48.93 49.27 46.99 49.07 46.94 
1203 26.56 27.09 28.57 31.33 30.99 32.30 31.16 32.26 
EQ 0.55 0.57 0.68 0.14 0.73 0.65 0.64 0.60 
GO 0.07 0.07 0.22 0.18 0.13 0.28 0.26 0.23 
80 9.87 10.42 12.30 25.68 25.31 17.26 15.54 26.85 
80 0.02 0.06 0.01 0.05 0.05 0.06 0.05 0.04 
020 6.10 5.56 4.45 2.63 7.05 2.02 2.68 2.03 
20 0.17 0.29 0.24 0.06 0.07 0.09 0.05 0.00 
0181 200.05 99.29 99.34 99.56 99.40 99.54 99.35 98.07 
OlE PERCENT E0021EMBERS 
O 51.3 47.4 30.0 22.4 24.2 26.0 22.9 27.3 
.N 87.7 52.6 62.3 77.3 75.4 92.9 76.0 02.5 
0.9 2.2 0.0 0.3 0.4 0.3 0.3 0.2 
241 242 243 284 285 246 247 240 
04,214 04,224 214,228 042228 114214 H5c224 	86c218 07e214 
OuGHT PERCENT OXIDES 
5202 40.40 52.82 56.31 50.39 64.57 62.53 60.37 53.40 
01203 32.44 20.45 20.72 28.95 22.14 22.21 25.24 27.09 
000 0.72 0.73 0.50 0.47 0.14 0.61 0.39 0.70 
MOO 0125 0.23 0.03 0.05 0100 0.05 0.03 0.15 
0ff 1-. 55 
BAD 0.03 0.01 0.06 0.03 0.00 0.08 0.06 0.05 
NA28 2.65 4.23 5.76 6.73 9.47 0.35 7.93 4.00 
020 0.06 0.02 0.18 0.26 0.10 0.48 0.24 0.14 
TOTAL 99.09 97.60 99.35 98.26 99.07 98.75 99.08 90.76 
MOLE PERCENT ENDMEMDERS 
AX 22.5 38.0 49.9 60.0 85.0 73.0 69.8 40.9 
80 77.1 61.1 49.0 30.5 14.4 24.5 20.8 58.3 
OR 0.3 0.2 2.0 2.5 0.6 2.5 2.4 0.8 
249 250 251 252 253 258 255 256 
M7c214 NSc218 11c214 12c214 M9c214 129,228 219.224 219,228 
WEIGHT PERCENT OXIDES 
5102 52.99 56.73 65.86 66.49 48.37 51.74 51.81 54.97 
A1203 22.66 27.01 20.54 20.36 32.26 29.77 29.57 27.50 
FED 5.84 0.65 2.48 0.55 0.71 0.92 0.83 0.75 
MOO 0.59 0.06 0.29 0.02 0.14 0.20 0.23 0.25 
CAD 11.80 9.97 2.62 2.82 16.24 23.65 23.42 10.75 
880 0.06 0.06 0.05 0.12 0.04 0.07 0.05 0.02 
NA28 4.07 5.55 10.35 9.90 2.32 3.79 3.06 5.31 
020 0.07 0.19 0.51 0.71 0.08 0.22 0.22 0.24 
TOTAL 97.08 100.22 100.60 99.97 280.02 208.25 99.09 99.19 
MOLE PERCENT ENOMEN800S 
88 33.8 48.2 83.7 85.2 19.8 31.7 32.5 44.5 
AN 65.9 50.7 23.6 10.8 80.0 67.7 66.9 58.2 
OR 0.3 112 2.7 4.0 0.2 0.7 0.7 1.3 
257 258 259 260 261 262 263 264 
1.3014 N2c225A 211.2158 MIe2I5A M2c2I5A M2225A M1c2170 MIt217H 
WEIGHT PERCENT OXIDES 
S102 68.37 46.73 48.67 48.14 41.27 47.48 56.00 62.18 
T102 0.05 0.00 0.00 0.00 0.00 0.40 0.00 0.00 
81203 20.69 33.04 31.52 32.24 32.97 31.63 26.86 23.22 
FED 0.37 0.59 0.65 0.60 0.62 0.68 0.47 0.29 
MOD 0.00 0.25 0.21 0.22 0.14 0.20 0.06 0.02 
CAD 1.35 27.30 5.97 26.64 17.31 16.79 9.95 8.83 
280 0.00 0.00 0.02 0.03 0.02 0.03 0.05 0.08 
NA20 20.22 2.80 2.56 7.26 1.76 2.05 5.70 0.24 
0.20 0.36 0.08 0.06 0.06 0.04 0.05 0.22 0.61 
TOTAL 101.42 99.65 99.06 200.09 100.18 93.07 99.32 90.97 
4010 PERCENT EADHEN800S 
80 09.9 15, 3, 22.6 20.3 15.0 11.4 49.2 12.0 
AN 0.0 04.5 70.2 01.4 44.0 02.3 49.6 24.5 
OR 2.2 0.2 0.3 0.3 0.2 0.3 1.3 3.5 
(cont.) 	FELDSPAR 
265 266 267 268 269 270 212 272 
M2c2l7A 212.2218 212.2278 212,2278 M3c217A M4c217A M4217A N4e217A 
WEIGHT PERCENT OXIDES 
S102 55.43 51.27 61.13 65.92 65.59 56.27 56.60 62.02 
01203 27.06 26.33 23.42 20.02 29.90 26.90 26.88 23.40 
i 	REQ 0.46 0.33 0.30 0.03 0.07 0.44 0.40 0.33 
MOO 0.06 0.05 0.02 0.01 0.02 0.08 0.07 0.04 
COO 20.08 8.72 5.41 1.13 0.22 9.63 9.66 5.38 
080 0.02 0.03 0.07 0.28 0.24 0.04 0.01 0.04 
8020 5.56 6.13 0.02 9.30 7.12 5.62 5.70 7.01 
0.20 0.24 0.30 0.53 2.23 4.08 0.25 0.25 0.52 
TOTAL 98.87 99.16 98.90 98.92 98.24 99.08 99.57 98.54 
MOLE PERCENT ENDHEM100S 
HO 40.3 54.1 69.7 81.5 72.2 49.5 49.9 69.1 
'AN
- 
- '50.3 - 44.1 - - 2T.3' -5-.*T -4-. 1- 49'1407 27:9 
OR 214 1.7 3.0 22.9 24.8 2.5 214 3.0 
273 274 215 276 277 278 279 200 
M5017H N6217A 216,2110 P1c225 P1.225 P2.225 212c225 M2c225 
WEIGHT PERCENT OXIDES 
S102 64.16 56.93 60.13 51.28 58.30 58.45 59.87 59.20 
01203 20.31 26.58 28.10 25.90 25.56 25.68 28.49 24.21 
008 0.07 0.45 0.36 0.42 0.50 0.61 1.24 2.07 
MOO 0.03 0.08 8.06 0.05 0.02 0.01 0.09 8.09 
CAD 0.01 9.49 5.64 9.01 8.39 8.56 1.56 1.35 
888 0.09 0.04 0.04 0.00 0.00 0.00 0.00 0.02 
NH20 0.48 5.90 7.63 6.28 6.65 6.43 6.80 6.84 
020 16.11 0.26 8.56 0.24 0.31 0.33 0.50 0.60 
TOTAL 99.92 99.73 98.52 99.14 99.73 180.09 200.53 100.17 
MOLE PERCENT ENDMEM8025 
Al 4.3 51.0 67.4 53.8 56.7 55.0 57.0 56.2 
AN 0.5 47.5 29.3 44.8 42.5 43.2 39.8 48.6 
OR 95.2 1.5 3.3 2.4 2.1 1.9 3.2 3.2 
281 282 283 284 285 286 287 288 
P2c225 P2,225 P1c236 P1c236 P2.236 M1036 02,258 P204 
WEIGHT PERCENT OXIDES 
S102 56.65 68.15 56.29 56.09 58.01 57.43 53.27 57.58 
*1203 26.22 20.87 26.20 26.50 25.33 25.89 20.33 26.25 
lEO 0.46 0.75 0.41 0.41 0.40 2.04 0.73 0.50 
MOO 0.00 0.04 .0.05 0.06 0.01 0.07 0.23 0.00 
COO 9.72 5.90 9.97 9.94 3.53 9.06 22.84 9.23 
8*0 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
NA20 5.95 6.46 5.72 5.82 6.59 6.28 4.74 6.25 
020 0.25 2.18 0.23 0.23 0.20 0.39 0.20 0.28 
TOTAL 99.23 99.84 98.87 99.05 99.37 200.26 99.28 100.87 
MOLE PERCENT ENDHEN0ERS 
AD 50.7 59.3 49.3 49.0 54.9 52.2 48.2 52.5 
AN 87.9 33.4 49.4 43.9 42.9 45.7 58.0 45.9 
OR 2.4 7.2 1.3 1.3 7.2 2.2 2.2 1.6 
0 
(con!.) FELDSPAR 
209 290 291 292 293 294 298 296 
P1.254 P2.254 P2.254 P2e254 P3c254 P3.254 P3.254 P3e254 
WEIGHT PERCENT OXIDES 
9102 57.10 57.26 5346 54.30 5249 52.56 56.58 59.34 
01203 26.14 26.30 28.26 27.33 28.74 29.16 26.20 24.60 
FED 0.49 0.51 0.06 1.00 0.67 0.61 0.01 1.29 
Moo 005 046 0.12 0.14 0.14 0.12 0.11 0.29 
COO 9.20 9.65 12.10 11.44 12.62 12.97 9.67 7.76 
NA20 6.07 5.77 4.46 4.86 4.23 4.02 5.88 6.79 
1 	020 0.30 0.30 0.19 0.24 0.15 0.14 0.37 0.57 
TOTAL 99.35 99.85 99.05 99.31 99.04 99.64 99.66 100.64 
MOLE PERCENT E000EMOERS 
00 52.3 49.9 38.0 40.9 36.2 34.5 49.4 55 , 5 
AN 46.0 40.4 60.9 57.8 63.0 60.7 40.6 41.4 
OR 1.7 1.7 I.! 1.3 0.8 0.8 2.1 3.1 
297 298 299 300 301 302 303 304 
P4c254 P4.254 P4254 M1c254 M1p254 P1c254 P1.254 P1.254 
WEIGHT PERCENT OXIDES 
S102 54.31 54.73 56.40 58.57 62.70 56.85 55.15 56.19 
01203 27.78 26.78 26.55 24.63 21.24 26.41 27.26 26.77 
EDO 1.02 1.60 1.35 0.07 1.32 0.55 0.56 0.49 
808 0T3 0Th 0:17 'OH 8L15 ;04 0.10 0:69 
CAD 11.31 10.64 9.92 7.24 3.70 9.17 10.35 9.91 
800 0.00 0.00 0.00 0.03 0.13 4.01 0.02 0.00 
6020 4.87 5.17 5.40 1.11 0.08 6.85 5.44 5.75 
020 0.27 0.30 0.46 0.73 1.85 0.20 8.26 0.29 
TOTAL 99.69 99.48 100.23 99.27 99.25 99.36 99.14 99.49 
MOLE PERCENT ENDMEMOERS 
AD 41.1 42.6 46.0 59.1 67.2 52.3 46.7 49.2 
AN 57.4 55.3 51.5 36.9 22.7 46.1 51.8 49.2 
OR 1.5 2.1 2.5 410 10.1 1.6 1.5 1.6 
305 306 307 300 309 310 311 312 
'1e254 P2c254 P2.254 81e2670 01c2670 P1c2678 P1.2670 P2.2670 
WEIGHT PERCENT OXIDES 
S102 56.60 56.49 56.66 66.50 56.02 64.93 64.90 64.40 
0L203 26.16 26.47 26.51 21.04 27.31 21.54 16.00 13.90 
FEB 
'MOO 
0.74 0.52 0.51 0.23 0.23 0.15 0.25 0.21 
0.08 0.03 0.04 0.02 0.00 0.00 0.03 0.01 
CAB 9.15 0.31 9.31 1.87 9.57 3.06 2.43 1.97 
980 0.00 0.00 0.00 0.32 0.02 0.17 0.20 0.32 
NA20 6.06 6.04 5.96 0.12 5.85 8.47 0.60 0.34 
020 0.40 0.26 0.26 3.36 0.32 1.90 2.49 3.13 
TOTAL 99.49 99.12 99.34 104.54 99.32 100.22 95.06 92.36 
MOLE PERCENT ENOHEMOERS 
AO 51.5 52.1 51.6 10.7 51.1 73.0 73.4 72.0 
ON 46.2 46.5 47.0 10.0 47.4 13.3 12.6 10.2 
OR 2.2 4.5 1.5 1913 4.0 40.0 44.0 17.0 
(con!.) 	FELDSPAR 
313 	344 	315 	316 	317 	318 	349 	320 
P2c2670 P3c2670 P4c267B P5c2678 P5.2470 P4c2479 P6.2670 M1c249 
WEIGHT PERCENT OXIDES 
S102 	65.52 	65.46 	63.49 	63.03 	65.10 	63.45 	65.04 	52.92 
01203 20.53 	20.98 	22.30 	22.31 	20.33 	22.21 	20.29 	20.40 
FF0 	0.24 	0d7 	0.22 	0.23 	0.22 	0.26 	0.24 	0.47 
MOO 0.04 	0.02 	0.02 	0.02 	0.01 	0.02 	0.02 	0.07 
COO 	2.30 	2.50 	4.02 	3.85 	1.07 	4.05 	1.91 	12.36 
800 0.26 	0.13 	0.07 	0.08 	0.24 	0.06 	0.20 	0.04 
6020 	0.48 	0.54 	0.51 	8.38 	8.03 	8.30 	8.07 	4.57 
020 2.63 	2.19 	1.20 	1.29 	3.21 	1.13 	3.27 	0.15 
TOTAL 	99.97 	99.99 	99.83 	09.99 	99.69 	99.56 	99.92 	99.07 
MOLE PERCENT ENDMEMOERS 
NO 	73.2 	74.6 	73.2 	73.1 	71.2 	72.9 	10.8 	30.9 
AN 11.9 	12.8 	20.1 	19.6 	10.1 	20.6 	10.3 	60.3 
OR 	14.9 	12.6 	6.8 	1.4 	18.1 	6.5 	18.9 	018 
321 	322 	323 	324 	325 	326 	327 	320 
01.269 M1e269 M2c269 02.269 112,269 M3c269 03.269 M4c269 
WEIGHT PERCENT OXIDES 
5102 	55.34 	62.61 	40.00 	51.57 	61.30 	53.34 	61.51 	46.06 
01203 27.46 	23.03 	32.65 	29.56 	23.51 	28.90 	22.94 	33.01 
EDO 	0.42 	0.46 	0.61 	0.57 	0.29 	0.41 	0.32 	0.59 
MOO 0.05 	0.05 	0.09 	0.00 	0.03 	0.06 	0.03 	0.11 
CAB 	18.39 	5.44 	16.01 	13.60 	5.76 	12.01 	5.09 	17.22 
090 8.05 	0.11 	0.01 	0.03 	0.01 	0.04 	0.02 	0.84 
0020 	5.62 	0.02 	2.14 	3.00 	8.21 	4.55 	8.46 	1.79 
020 0.23 	0.42 	0.04 	0.09 	0.31 	0.15 	0.45 	0.04 
TOTAL 	99.56 100.14 100.43 	99.30 	99.54 	99.43 	98.82 	99.66 
MOLE PERCENT ENOMEMBERS 
NO 	47.9 	69.5 	18.2 	33.0 	69.9 	39.5 	72.1 	15.3 
ON 50.8 - -28.1 	'81 - 6 - 	66-.5 	204 	5T. CMir - 
OR 	1.3 	2.4 	0.2 	0.5 	1.7 	019 	2.5 	0.2 
329 	330 	331 	332 	333 	330 	335 	336 
114269 114,269 114,269 04.269 M4e269 M5c269 05,269 115.269 
WEIGHT PERCENT OXIDES 
5102 	40.00 	50.42 	52.66 	54.79 	57.57 	41.07 	49.03 	47.01 
01203 32.32 	30.37 	28.95 	27.51 	25.87 	32.50 	31.96 	32.33 
FEB 	0.60 	0.60 	0.51 	0.51 	0.43 	0.54 	0.63 	0.10 
1168 0.08 	0.12 	0.08 	0.12 	0.05 	0.07 	0.06 	8.06 
COO 	16.60 	14.17 	12.43 	10.02 	0.62 	16.30 	45.56 	16.62 
000 0.00 	8.08 	0.00 	0.01 	0.04 	0.03 	0.03 	0.02 
6028 	2.14 	3.46 	4.47 	5.30 	6.58 	2.20 	2.70 	2.12 
020 0.04 	0.00 	0.16 	0.19 	0.31 	0.03 	0.04 	0.04 
TOTAL 	99.06 	99.22 	99.26 	99.31 	99.47 	99.70 400.01 	99.70 
MOLE PERCENT 0NDMEM8EP.S 
00 	40.4 	29.6 	30.1 	45.1 	55.9 	19.6 	23.2 	40.2 
HA 84.4 	70.0 	44.0 	53.0 	42.4 	90.2 	16.6 	04.4 
OR 	0.2 	0.5 	0.9 	1.1 .1 	0.2 	0.2 	0.2 
(con!.) FELDSPAR 
337 338 339 340 344 342 343 344 
05.269 115,269 	05.269 115069 80,269 	05.269 05,269 115.269 
WEIGHT PERCENT OXIDES 
S102 47.70 49.93 52.05 52.42 52.90 53.90 56.42 58.72 
01203 31.42 30.14 20.45 28.55 20.00 21.73 25.95 24.93 
CDX 0.70 0.70 0.69 0.60 0.60 0.59 0.46 0.69 
000 0.08 0.11 0.10 0.10 0.10 0.00 0.01 0.06 
COO 15.74 14.06 12.12 12.59 12.40 10.94 9.03 7.39 
800 0.00 0.00 0.01 0.01 0.00 0.01 0.02 0.05 
NA20 2.54 3.52 4.60 4.28 4.38 5.17 6.01 7.13 
120 0.04 0.08 0.13 0.11 0.14 0.20 0.28 0.30 
TOTAL 90.30 90.54 98.95 98.74 99.56 90.62 90.24 99.27 
0011 PERCENT ENDMEMOERS 
AD 21.8 30.0 39.1 36.6 37.3 44.3 52.6 60.7 
ON 77.9 69.5 60.2 62.7 61.9 54.5 45.0 37.1 
OR 0.2 0.5 0.7 016 0.8 111 1.6 1.7 
345 346 347 348 349 350 351 352 
01c273 02c273 02,273 P1c273 P1.273 P1.273 P1.273 P1.213 
HEIGHT PERCENT OXIDES 
SIO2 50.7! 52.85 60.36 40.00 46.72 47.23 48.99 48.24 
01203 24.98 20.46 24.09 31.67 32.96 33.18 31.24 31.73 
FEB 0.94 0.01 0.56 0.63 0.59 0.64 0.63 0.63 
MOO 0.03 0.15 0.02 0.48 0.13 0.17 0.20 0.15 
COO 7.80 12.34 6.40 15.05 17.25 16.03 15.32 15.78 
000 0.00 0.00 0.00 0.01 0.03 0.03 0.02 0.00 
NA20 7.05 4.41 7.63 2.51 1.74 1.92 2.72 2.51 
020 0.38 0.16 0.48 0.08 0.03 0.04 0.07 0.07 
TOTAL 99.09 99.18 99.62 99.01 99.45 100.04 99.19 99.11 
MOLD PERCENT (000180(09 
AR 58.6 37.4 64.0 21.4 14.9 16.5 23.3 21.5 
AN 39.4 61.7 32.6 78.2 84.9 83.3 76.3 78.1 
OR 2.1 0.9 2.7 0.5 0.2 0.2 0.4 0.4 
353 354 355 356 357 358 359 360 
p1.273 P1.273 P1.273 P1.273 P2c273 P2.273 M1c219 111.279 
WEIGHT PERCENT OXIDES 
5102 50.30 53.31 54.20 56.90 46.71 51.20 54.72 61.01 
A1203 30.27 20.12 20.00 26.39 32.94 29.69 27.32 23.12 
1(0 0372 1701 T777 06V R3( 0307 0316 D734 
MOO 0.17 0.13 0.09 0.10 0.12 0.14 0,13 0.02 
CAB 14.35 12.05 11.23 9.38 17.48 13.45 10.61 5.60 
ONO 0.00 0.03 0.00 0.00 0.04 0.00 0.01 0.03 
NA20 3.31 4.71 5.07 6.35 1.66 3.04 5.34 7.00 
020 0.11 0.10 0.19 0.17 0.02 0.11 0.29 8.63 
TOTAL 99.23 99.55 99.50 100.03 99.51 99.30 99.17 99.51 
MOLE PERCENT E009(M0ERS 
00 29.2 39.2 43.0 52.6 44.2 32.5 45.2 60.0 
AN . 	 74.2 59.9 55.9 46.5 05.1 66.9 53.2 20.5 
OR 0.6 14 I.! 0.9 0.1 0.4 4.6 3.6 
0 
(coct.) 	FELDSPAR 
361 362 363 364 365 366 367 368 
02c279 11c279 12c219 A3c219 M3279 M3e279 13c279 M1c284 
WEIGHT 	PERCENT OXIDES 
5182 53.99 68.43 61.16 54.00 51.16 61.88 61.54 47.68 
81203 27.85 20.01 20.27 27.01 26.10 22.84 20.11 31.88 
lEO 0.13 8.12 0,07 0.73 0.49 0.33 0.28 0.69 
MOO HI! 0.01 0.02 0.08 0.04 0.02 0.06 0.10 
CAD 11.18 0.82 0.98 11.04 8.40 4.06 1.36 16.23 
I 	BOO 0.02 0.00 0.00 0.02 0.02 0.05 0.00 0.00 
8020 4.99 11.01 11.22 5.22 6.52 8.35 10.13 2.26 
020 0.25 0.20 0.12 0.22 0.37 0.86 0.14 0.05 
TOTAL 99.12 100.68 99.84 99.12 99.19 99.19 100.82 98.89 
MOLE PERCENT END#ENBERS 
AD 42.5 94.1 94.4 44.1 56.0 71.0 01.4 19.4 
AN 56.1 4.4 4.9 54.7 41.9 24.2 710 80.3 
OR 1.4 1.6 8.7 1.2 2.1 4.8 0.8 0.3 
369 370 371 372 313 374 375 316 
11284 M1284 11,211 82c284 M2284 13c284 N3284 N3i284 
WEIGHT PERCENT 011819 
3182 50.36 54.41 55.48 55.01 61.98 46.03 46.94 47.79 
01203 30.33 27.50 26.94 21.30 22.71 32.78 32.24 31.54 
FED 0.70 0.65 0.56 0.67 0.12 0.60 0.65 0.67 
#00 8.08 0.08 0.04 0.09 0.03 0.10 0.06 0.09 
COO 14.05 10.18 9.98 10.51 5.15 11.34 16.64 15.99 
008 0.01 0.02 0.03 0.00 0.04 0.00 0.03 0.01 
8820 3.45 5.21 5.12 5.44 8.16 1.72 1.93 2.39 
020 0.08 0.18 0.31 0.22 0.51 0.03 0.03 0.05 
TOTAL 99.06 98.83 98.90 99.24 9930 99.40 98.52 98.53 
!OLE PERCENT ENDNENBERS 
00 29.1 44.8 494 46.3 69.9 14.0 16.8 20.6 
AN 69.9 54.2 49.2 52.5 27.2 85.1 83.0 19.1 
OR 0.5 1.0 1.8 1.2 2.9 0.2 0.2 0.3 
371 318 379 380 381 302 383 384 
M3284 M3i284 N3284 83a284 M3284 !13284 !13e284 94o284 
WEIGHT PERCENT ABIDES 
5102 47.13 49.26 50.03 49.73 51.23 53.23 55.46 57.20 
81203 32.44 31.01 30.30 30.25 29.58 27.00 26.05 25.46 
lEO 0.72 0.70 0.66 0.67 0.69 0.67 0.09 0.50 
850 0.00 0.09 0.10 0.00 0.08 0.01 0.07 0.03 
COO 16.61 15.02 14.32 14.07 13.25 11.62 9.84 0.47 
880 0.01 0.03 0.04 0.00 0.01 0.02 0.00 0.03 
8820 2.01 2.95 3.31 3.41 3.91 4.87 5.05 6.57 
020 0.05 0.06 0.00 0.00 0.11 0.17 0.31 0.39 
TOTAL 00.06 90.12 98.04 98.29 98.06 90.53 99.21 90.65 
801! PERCENT ENDM!MBERS 
AX 17.3 2533 28.4 29.4 3315 4135 49.0 55.9 
AN 02.4 74.4 71.1 70.1 65.9 57.6 49.3 41.9 
OR 0.3 0.3 0.5 0.5 0.6 1.8 1.7 2.2 
(oon!.) 	FELDSPAR 
305 	306 	337 	308 	389 	398 	391 
S 	N0284 P1c329 P!e329 P2c320 P2329 P3c329 P3329 
WEIGHT PERCENT OXIDES 
S102 	61.69 	41.09 	55.30 	46.20 	54.63 	52.09 	56.55 
01203 21.74 	32.24 	25.81 	33.01 	20.04 	20.72 	26.30 
1(0 	0.54 	0.60 	1.10 	0.59 	0.95 	1.14 	1.11 
#G0 0.75 	0.17 	0.43 	0.15 	0.00 	0.00 	0.13 
COO 	4.05 	16.45 	9.96 	17.41 	10.95 	12.02 	9.26 
880 0.06 	0.00 	0.03 	0.00 	0.00 	0.00 	0.00 
8020 	0.34 	2.14 	5.50 	1.73 	5.44 	4.44 	6.27 
020 0.96 	0.03 	0.03 	0.02 	0.31 	0.22 	0.46 
TOTAL 	98.13 	90.72 	90.64 	99.20 100.40 	90.71 100.16 
MOLE PERCENT ENDMEOIERS 
88 	69.4 	10.4 	45.4 	14.7 	44.7 	37.7 	51.1 
ON 25.4 	81.5 	52.3 	85.1 	53.6 	61.1 	46.0 




2 	3 	4 	5 	6 	7 	0 
M!c000 Mlp000 82000 83c000 M30OO M4 c000 84c000 !'lScOOO 
WEIGHT PERCENT OXIDES 
5102 	51.97 	51.73 	52.46 	50.02 	51.51 	51.43 	50.91 	50.60 
1102 0.76 	0.87 	0.52 	1.13 	0.97 	1.04 	1.02 	1.08 
81203 	2.42 	1.89 	1.04 	2.11 	1.10 	2.70 	1.06 	3.22 
CR203 0.21 	0.02 	0.07 	0.21 	0.01 	0.21 	0.07 	0.24 
FED 	6.03 	9.96 	10.57 	0.58 	10.01 	7.79 	9.77 	7.33 
MNO 0.18 	8.33 	0.33 	0.23 	0.30 	0.21 	0.30 	0.15 
MOO 	16.51 	14.62 	14.01 	14.07 	15.20 	15.51 	14.30 	15.50 
COO 2844 	20.43 	20.09 	28.54 	19.08 	20.46 	20.41 	28.72 
8020 	0.29 	0.30 	0.31 	8.31 	0.30 	0.33 	0.33 	0.32 
TOTAL 99.81 100.15 100.20 	90.00 	98.48 	99.76 	98.12 	99.16 
01E PERCENT ENDMENOERS 
IN 	49.1 	43.1 	42.4 	44.8 	44.4 	47.2 	41.8 	40.0 
IS II.? 	11.0 	17.5 	14.9 	16.9 	13.7 	16.5 	12.9 
WO 	39.2 	39.9 	404 	48.3 	384 	39.1 	41.6 	39.1 
9 	IX 	I! 	12 	13 	14 	15 	16 
45e800 M6c000 M6000 87c800 148080 89000 810800 811800 
WEIGHT PERCENT OXIDES 
5182 	50.70 	50.73 	51.87 	51.98 	54.98 	53.43 	53.74 	54.03 
.1102 1.20 	0.78 	0.66 	0.63 	0.05 	0.10 	0.17 	0.14 
81203 	1.26 	2.45 	1.70 	1.71 	1.18 	2.58 	2.53 	1.06 
CR203 0.03 	8.20 	0.01 	0.05 	8.01 	0.00 	0.88 	0.01 
lEO 	10.09 	7.83 	10.52 	9.98 	17.30 	14.16 	14.98 	15.63 
IMHO 0.31 	0.17 	0.34 	0.29 	0.47 	0.32 	0.39 	0.43 
MOO 	14.61 	16.27 	16.45 	14.79 	18.61 	16.96 	17.43 	18.21 
COO 19.91 	20.30 	19.72 	19.99 	4.70 	0.15 	7.48 	6.17 
NA20 	0.31 	0.27 	0.29 	0.30 	0.13 	0.38 	0.36 	0.26 
TOTAL 98.42 	90.28 	99.56 	99.72 	97.43 	96.76 	97.80 	95.94 
MOLE PERCENT ENOMEMOERS 
IN 	42.8 	49.0 	42.8 	43.5 	59.7 	56.8 	58.3 	50.4 
15 17.1 	12.2 	18.0 	17.0 	31.9 	27.2 	28.9 	20.9 
80 	40.1 	38.8 	39.2 	39.4 	8.4 	15.9 	12.9 	12.7 
Il 	10 	19 	20 	21 	22 	23 	24 
812000 813000 P1c002 P1e002 P2c002 02,002 P3002 P3002 
WEIGHT PERCENT OXIDES 
S102 	53.19 	54.18 	47.87 	51.16 	48.20 	48.14 	51.41 	51.43 
1102 0.07 	0.24 	1.97 	1.15 	1.91 	1.83 	1.02 	0.61 
81203 	1.32 	0.88 	5.35 	2.19 	4.47 	4.06 	2.47 	1.45 
CR203 0.01 	0.01 	0.33 	0.09 	0.12 	0.04 	0.23 	0.01 
lEO 	17.56 	17.06 	7.96 	9.10 	0.51 	18.05 	0.26 	13.49 
880 0.43 	0.46 	0.18 	0.22 	8.2! 	0.21 	0.22 	0.52 
860 	18.47 	18.29 	14.39 	15.64 	13.93 	13.90 	16.67 	13.25 
COO 4.42 	5.11 	20.69 	19.80 	20.46 	20.54 	19.13 	18.02 
8020 	0.11 	4.17 	0.31 	0.27 	4.33 	4.38 	4.23 	0.23 
10101 95.58 	06.40 	90.05 	99.78 	99.14 	99.23 	99.64 	99.0! 
MOLE PERCENT E008CMDERS 
EN 	50.9 	50.4 	48.2 	46.4 	45.1 	44.4 	49.9 	39.0 
IS 324 	31.4 	5.3 	15.6 	11.6 	10.! 	14.2 	23.7 
00 	7.4 	10.2 	36.5 	30.0 	37.3 	37.9 	35.9 	36.4 
	
(con!.) 	PYROXENE 
25 	26 	27 	20 	29 	30 	3! 	32 
P4002 M! c020 82020 112e020 113020 03e020 84c020 84020 
WEIGHT PERCENT OXIDES 
S102 	50.61 	5045 	51.05 	51.40 	50.93 	50.90 	50.99 	51.08 
1102 1.08 	1.33 	1.20 	1.10 	1.22 	1.11 	1.33 	1.29 
81203 	2.30 	2.30 	2.96 	1.96 	3.07 	2.05 	3.21 	2.65 
CR203 0.09 	0.00 	0.16 	0.00 	0.20 	0.12 	0.15 	0.01 
lEO 	8.00 	9.09 	7.57 	10.68 	7.64 	0.42 	7.07 	9.22 
MNO 0.21 	0.21 	0.17 	0.33 	0.16 	0.15 	0.15 	0.18 
800 	15.70 	14.47 	14.83 	14.12 	24.75 	14.58 	14.76 	14.34 
'COO 19.77 	19.60 	21.01 	19.33 	21.12 	28.87 	20.84 	20.43 
8820 	0.26 	0.36 	0.32 	0.36 	0.31 	0.31 	0.33 	0.33 
TOTAL 98.90 	99.15 	99.27 	99.36 	99.40 	99.31 	99.63 	99.53 
MOLE PERCENT CNDIIENDERS 
EN 	47.1 	44.1 	45.9 	42.6 	45.8 	44.9 	46.1 	44.8 
15 25.2 	17.4 	13.5 	18.7 	13.6 	14.8 	14.0 	16.2 
88 	31.0 	30.6 	40.6 	38.7 	48.6 	00.3 	39.9 	39.9 
33 	34 	35 	36 	37 	30 	39 	40 
#0020 NIO25 8I025 81.825 81.025 81e025 #2c025 82e025 
WEIGHT PERCENT OXIDES 
S102 	51.24 	50.58 	51.11 	50.06 	50.59 	52.33 	51.58 	51.12 
T102 0.01 	1.12 	0.52 	1.23 	0.60 	0.35 	1.03 	1.11 
81203 	1.67 	2.40 	1.22 	2.39 	2.36 	3.19 	2.84 	2.79 
CR203 0.00 	0.00 	0.00 	0.00 	0.00 	0.00 	0.05 	0.02 
FED 	12.16 	9.15 	11.41 	9.57 	11.72 	13.30 	7.55 	8.46 
1880 0.42 	0.21 	0.40 	0.27 	0.30 	0.22 	0.17 	0.19 
MOO 	13.63 	15.00 	13.40 	14.75 	13.19 	14.38 	15.36 	15.07 
COO 10.57 	20.58 	20.90 	20.38 	20.43 	13.36 	21.26 	21.16 
8820 	0.33 	0.35 	0.26 	0.34 	8.27 	0.30 	0.32 	0.31 
TOTAL 90.83 	99.39 	99.90 	99.19 	99.54 	97.51 100.16 100.23 
MOLE PERCENT ENDNEHDERS 
IN 	41.2 	44.6 	39.0 	44.1 	39.0 	40.7 	46.4 	45.2 
IS 21.3 	15.6 	29.2 	16.5 	20.5 	25.9 	13.1 	14.6 
00 	37.6 	39.1 	41.7 	39.5 	39.7 	25.4 	40.5 	40.2 
41 	42 	43 	44 	45 	46 	47 	48 
M3cO25 #3,025 Mlc0200 M2c0280 M3c028A M3028A 84c0280 M1c046 
WEIGHT PERCENT OXIDES 
E102 	50.48 	50.71 	51.69 	51.45 	49.45 	49.29 	49.69 	50.60 
1102 1.16 	1.85 	0.43 	0.30 	1.20 	2.36 	0.76 	0.94 
01203 	3.37 	2.72 	1.04 	1.03 	3.51 	2.07 	1.96 	2.58 
CR203 0.14 	0.01 	0.00 	0.00 	0.11 	0.81 	0.00 	0.23 
lEO 	7.92 	9.47 	11.13 	12.11 	9.32 	13.27 	12.20 	9.63 
MNO 0.10 	0.23 	0.48 	0.54 	0.31 	0.45 	0.43 	0.19 
MOO 	24.04 	14.14 	23.97 	13.06 	23.97 	13.36 	23.71 	16.44 
COO 21.20 	21.14 	20.00 	10.77 	20.40 	10.06 	19.54 	28.21 
8020 	0.33 	0.25 	0.33 	0.32 	0.39 	0.39 	0.33 	0.25 
TOTAL 99.62 	99.72 	99.15 	90.46 	90.74 	99.26 	90.76 	99.21 
MOLE PERCENT END0EHBERS 
00 	45.9 	42.9 	40.4 	40.5 	44.0 	34.) 	40.7 	49.5 
IS 24.1 	16.6 	9.0 	19.2 	17.0 	22.9 	21.1 	16.6 
90 	40.0 	40.5 	40.6 	40.4 	39.0 	37.4 	70.2 	74.0 
(tent.) 	P0000ENE 
49 50 51 52 53 54 55 56 
M2c046 83c046 84c046 fl5cO46 M6046 87c016 M8046 M9046 
WEIGHT PERCENT OXIDES 
9102 47.20 45.59 46.54 47.03 41.31 49.47 45.53 50.24 
T102 2.14 2.54 2.05 1.89 1.94 1.54 2.77 1.07 
01203 4.96 5.06 4.10 4.49 4.02 2.94 5.28 2.26 
CR203 0.17 0.19 043 0.06 8.03 0.02 0.02 0.17 
lEO 9.00 9.44 10.18 9.76 20.59 11.59 1141 8.85 
MIlD 0.16 0.16 0.19 0.17 0.21 0.34 0.23 0.18 
MOO 13.86 13.37 23.34 23.60 23.50 23.10 12.86 26.54 
COO ' 	 20.92 20.43 20.57 21.20 20.55 20.04 20.20 29.35 
8020 0.38 0.40 0.46 0.42 0.42 0.53 0.66 0.26 
TOTAL 98.07 97.98 97.52 90.78 98.51 100.17 90.16 98.92 
MOLE PERCENT ENDMEMOERS 
IN 45.4 45.1 42.7 43.4 42.6 41.3 42.4 40.1 
IS 16.9 10.5 10.7 17.7 19.1 20.2 21.6 14.9 
80 37.7 35.0 30.6 30.9 58.3 30.5 36.0 36.4 
57 58 59 60 61 62 63 64 
P1c046 P1.046 P1,046 MIcA48 M1t048 M2040 142e040 81,018 
WEIGHT PERCENT OXIDES 
5102 49.68 47.70 48.54 50.26 51.16 51.73 51.56 49.55 
T102 1.11 1.77 1.05 2.55 1.10 1.08 0.71 1.38 
81203 3.62 4.56 8.03 3.36 1.95 2.97 1.60 2.04 
CR203 0.72 0.17 0.02 .8.01 0.00 0.00 0.00 0.03 
1(0 6.66 9.07 9.99 9.16 .10.59 10.32 12.65 10.10 
#80 0.14 0.17 0.19 0.28 0.33 0.32 0.47 0.25 
MGO 15.26 14.05 13.61 14.47 14.75 25.11 13.09 14.21 
COO 21.56 21.00 20.80 28.40 19.19 19.27 18.42 20.56 
8820 0.32 0.30 0.40 0.40 0.41 0.35 0.34 0.30 
TOTAL 99.07 90.07 99.49 99.89 99.48 100.15 99.70 99.14 
MOLE PERCENT ENDMEMBERS 
IN 48.0 45.1 43.2 44.8 13.0 44.6 41.2 43.1 
IS 12.0 16.7 10.0 16.3 10.2 17.7 21.9 11.6 
00 39.9 30.2 30.0 38.9 30.0 31.7 36.8 39.2 
65 66 61 60 69 70 11 12 
M2078 MIcOlO MIe078 PI099 P1,099 PIoO99 P2c099 03c099 
WEIGHT PERCENT OXIDES 
5102 51.43 50.55 50.34 51.01 51.18 50.19 50.16 51.99 
T102 0.55 1.01 0.01 0.95 1.01 1.16 1.19 0.19 
01203 2.67 2.30 2.05 2.06 2.48 2.74 3.30 2.15 
CR203 0.04 0.09 0.08 0.12 0.12 0.06 0.19 0.12 
lEO 13.86 7.57 12.05 7.22 0.03 0.88 7.56 7.20 
MNO 0.29 0.17 0.34 0.12 0.23 0.22 0.11 0.10 
MOO 14.40 15.41 14.21 16.26 6.90 16.14 15.87 16.77 
COO 12.89 21.12 10.53 20.47 18.34 10.53 20.20 20.14 
0820 0.20 0.30 0.30 030 0.22 0.24 0.31 0.20 
TOTAL 96.33 40.63 99.32 90.31 91.37 98.76 99.11 99.1! 
MOLE PERCENT ENOOEO0[RS 
IN 40.4 46.2 43.0 49.0 50.5 50.4 49.0 49.3 
IS 26.7 3.0 21.0 12.4 15.3 15.1 13.4 123 





73 	74 	75 	16 	17 	73 	79 	00 
03099 04099 P0099 81099 M!e099 112099 Plc!12 Pit 112 
WEIGHT PERCENT OXIDES 
5002 	47.83 	50.00 	47.35 	47.57 	48.10 	47.17 	48.07 	48.36 
1102 2.10 	1.19 	2.15 	2.31 	1.61 	1.98 	0.28 	0.25 
0L203 	5.03 	3.39 	4.35 	5.04 	3.68 	4.38 	0.53 	0.53 
CR203 0.06 	0.19 	0.00 	0.09 	0.00 	0.00 	0.00 	0.00 
FED 	9.03 	7.46 	12.26 	9.91 	12.61 	12.17 	28.12 	27.05 
MNO 0.20 	0.15 	0.36 	0.29 	0.40 	0.35 	1.31 	1.31 
MOO 	13.84 	15.61 	12.45 	13.27 	12.33 	12.34 	1.77 	1.67 
COO 19.73 	20.41 	19.03 	20.36 	9.56 	19.44 	19.51 	19.28 
M020 	0.38 	0.32 	0.38 	0.37 	0.33 	0.43 	0.32 	0.37 
TOTAL 99.09 	90.83 	98.38 	99.21 	98.64 	98.26 	99.91 	99.54 
MOLE PERCENT ENONEMBERS 
EN 	46.0 	48.5 	41.1 	44.1 	39.4 	40.5 	5.4 	5.3 
.15 18.6 	13.2 	23.4 	19.1 	23.3 	23.1 	51.1 	51.3 
NO 	35.4 	30.3 	35.6 	36.8 	37.3 	36.4 	43.4 	43.5 
81 	82 	83 	84 	85 	86 	87 	88 
P1c112 P2c112 P2c112 P3c112 P3e112 P4c112 P4c112 M1023 
WEIGHT PERCENT OXIDES 
5102 	48.47 	47.71 	48.35 	50.59 	50.05 	88.06 	48.23 	41.01 
1002 0.24 	0.29 	8.29 	0.15 	0.06 	0.25 	0.23 	1.73 
01203 	0.52 	0.55 	0.96 	0.61 	0.64 	0.51 	0.75 	4.48 
lEO 27.62 	29.20 	27.60 	49.27 	21.04 	27.91 	27.37 	9.43 
MOO 	1.30 	0.43 	0.33 	0.96 	1.12 	0.33 	1.31 	0.20 
MOO 0.95 	1.27 	1.56 	0.99 	8.15 	4.92 	1.93 	13.30 
COO 	09.21 	48.93 	09.03 	08.94 	10.11 	19.27 	10.99 	20.87 
N820 0.32 	0.34 	0.44 	0.24 	0.26 	0.34 	0.37 	0.37 
TOTAL 	99.63 	99.72 	99.56 	99.75 	99.53 	99.59 	99.18 	90.27 
MOLE PERCENT ENDMENOERS 
IN 	6.1 	4.0 	5.0 	26.6 	24.4 	6.0 	6.0 	43.6 
IS 50.0 	53.6 	51.9 	33.6 	37.2 	51.0 	50.0 	07.5 
80 	43.2 	42.4 	43.4 	39.8 	38.4 	43.1 	42.9 	38.9 
09 	90 	91 	92 	93 	94 	95 	96 
M2c123 M3c123 M4c123 115c123 86c123 87c123 N8c123 M1c136 
WEIGHT PERCENT OXIDES 
15102 	48.06 	48.33 	46.76 	48.75 	40.47 	40.27 	48.55 	50.04 
1102 0.39 	1.51 	2.44 	1.65 	1.67 	0.83 	0.73 	0.27 
01203 	4.40 	4.80 	4.84 	5.14 	4.72 	4.09 	4.36 	3.31 
CR203 0.06 	0.50 	0.00 	3.63 	0.28 	0.75 	0.02 	0.00 
100 	7.34 	6.83 	11.85 	7.18 	7.26 	6.65 	9.06 	01.96 
MNO 0.15 	0.04 	0.23 	0.06 	0.14 	0.14 	0.18 	0.37 
MOO 	04.44 	14.31 	12.14 	04.59 	14.21 	04.48 	04.07 	44.00 
COO 24.69 	20.51 	20.06 	20.25 	20.40 	21.10 	20.29 	48.60 
8820 	0.30 	0.28 	0.44 	0.31 	0.28 	0.29 	0.33 	0.36 
TOTAL 98.81 	98.79 	90.17 	90.66 	90.43 	90.03 	90.59 000.00 
MOLE PERCENT EHOMENDERS 
EN 	46.6 	47.8 	40.3 	49.0 	47.0 	43.9 	45.7 	43.7 
05 03.6 	13.0 	22.6 	14.2 	3.7 	02.0 	16.3 	21.5 
HO 	3.0 	39.2 	37.1 	36.0 	39.3 	303 	37.5 	34.0 
91 90 99 000 101 002 403 004 
01c136 01c136 M2c136 M2,136 MIcI57A M2c157H M3c157A P1c160 
WEIGHT PERCENT 080060 
S102 50.53 51.17 50.61 52.01 46.04 49.49 50.44 50.53 
1102 0.09 8.33 4.00 0.67 2.27 1.30 1.14 1.15 
01203 2.64 1.41 2.39 1.38 5.37 2.57 0.38 2.34 
CR203 0.01 0.00 0.00 0.00 0.06 0.05 0.00 0.17 
FED 03.96 02.50 10.92 11.00 10.14 13.29 13.39 10.31 
HMO 0.30 0.55 0.37 0.44 0.21 0.30 0.35 0.22 
MOO 14.20 10.09 04.46 04.73 04.07 13.60 14.16 15.07 
COO 19.78 21.16 19.31 10.62 19.13 17.52 07.21 19.49 
N028 0.34 0.36 0.33 0.29 0.32 0.26 0.26 0.30 
10101 99.06 98.37 99.39 000.02 90.46 90.47 93.03 99.52 
MOLE PERCENT EOIDMENOERS 
IN 42.9 33.2 43.6 43.0 47.2 42.4 42.8 45.4 
IS 09.7 22.3 19.1 20.0 49.4 238 23.3 47.7 
HO 30.0 44.8 37.4 36.9 33.3 33.9 33.9 37.6 
105 106 107 108 109 010 Ill 012 
P1,160 P2c160 P2,060 MIcI6O Ml,160 M1c1680 PIcI600 PIeI600 
WEIGHT PERCENT OXIDES 
9102 49.90 89.95 50.86 50.84 49.33 40.03 49.93 49.69 
T102 1.33 1.22 1.20 0.09 1.41 1.97 0.23 0.56 
81203 2.97 3.25 2.38 2.14 2.93 4.26 3.55 3.22 
CR283 0.13 0.18 0.09 0.06 0.07 0.09 0.30 0.01 
160 00.03 9.00 10.05 11.48 12.42 08.45 7.52 00.79 
MNO 0.26 0.22 0.24 0.20 0.20 0.21 0.46 0.23 
860 ' 	14.30 05.91 14.90 04.21 03.66 43.42 15.29 13.58 
CAD 08.93 08.99 19.56 18.97 10.19 09.90 20.91 20.02 
NH20 0.31 0.28 0.31 0.31 0.34 0.35 0.32 0.42 
TOTAL 99.32 99.08 99.59 99.38 90.60 98.60 99.21 99.52 
MOLE PERCENT ENDMEMOERS 
IN 44.5 49.0 44.8 42.9 42.8 43.7 47.6 42.2 
IS 19.6 16.1 07.4 20.0 22.3 19.4 43.5 19.3 
INO 35.9 35.0 37.8 37.1 34.9 36.9 38.9 38.5 
113 114 105 446 147 108 119 020 
M2cI680 N7c168D M4cI600 M5c1680 P2c1600 P2,0680 P3c1680 P3,I6OD 
WEIGHT PERCENT OXIDES 
S102 48.76 50.00 40.47 50.38 50.74 49.78 50.00 50.00 
9102 1.94 0.23 1.69 1.00 0.89 1.36 1.14 1.03 
01203 4.23 2.63 4.22 2.01 7.70 3.24 3.50 0.96 
i 	CR203 0.06 0.03 0.02 0.06 0.23 0.10 0.30 0.02 
FED 9.30 9.76 9.63 9.28 1.56 9.74 1.72 00.49 
NNO 0.09 0.25 0.20 0.23 0.07 0.22 0.06 0.25 
MOO 13.01 45.26 13.87 05.90 15.13 14.96 05.42 15.39 
COO 70.52 13.76 20.56 09.45 20.93 09.51 70.76 10.90 
0020 0.33 0.29 0.35 0.30 0.32 0.27 0.35 0.26 
TOTAL 99.32 00,01 99.01 99.60 99.27 99.24 99.36 99.40 
ROLE PERCENT ENOMEMOERS 
IN 44.7 46.0 44.4 46.0 47.3 46.2 47.7 45.5 
IS 01.3 17.7 07.7 05.3 13.1 17.3 13.7 47.3 
80 33.0 36.0 37.9 31.5 39.6 36.4 33.6 36.7 
EO'OUlI1 
021 022 123 124 129 126 127 028 
P41683 P4p160D P1c104 P1,104 P2c104 P3c!84 P3,004 M1c197 
WEIGHT PERCENT OXIDES 
S102 50.35 48.96 50.06 48.21 50.80 50.09 $1.57 51.19 
1102 0.99 1.70 0.07 0.98 0.88 0.07 1.18 0.86 
01203 3.81 3.98 3.05 4.74 2.24 3.04 2.85 2.55 
CR283 0.28 H. 2H 0.07 0.86 0.11 8.05 8.03 0.37 
lEO 7.40 9.13 7.54 01.28 7.25 1.61 11.04 8.20 
MOO 0.06 0.17 0.10 0.21 0.18 0.00 0.28 0.24 
MOO 15.59 14.65 16.00 14.25 06.68 16.01 15.41 16.38 
CAO 20.99 20.80 19.98 06.81 19.93 20.38 17.79 19.09 
8020 0.32 0.31 0.29 0.30 0.31 0.31 8.37 0.25 
TOTAL 99.09 98.91 98.54 97.90 90.35 98.94 100.52 99.21 
MOLE PERCENT ENDMENOERS 
EN 47.5 464. 49.2 48.4 49.4 48.6 87.1 49.6 
IS 13.0 14.8 03.3 22.0 12.4 03.3 09.3 04.5 
HO 39.5 38.5 37.4 29.6 38.2 38.2 33.6 35.8 
129 030 131 432 133 134 135 136 
M2c197 N3c197 M3,197 M4c197 NOd97 M6c197 M7c197 M8097 
WEIGHT PERCENT OXIDES 
5102 50.08 49.76 50.51 50.27 49.22 49.53 51.78 50.70 
T102 4.25 1.06 0.59 0.01 1.51 1.24 0.84 0.55 
81203 2.36 2.03 0.97 2.83 2.74 2.24 4.91 0.90 
CR203 0.00 0.00 0.01 0.41 0.00 0.00 0.00 0.01 
FED 12.02 14.14 19.29 0.28 12.25 03.66 8.08 20.63 
MMD 0.32 0.40 0.58 0.23 0.31 0.36 0.26 0.56 
NGO 18.41 13.96 13.91 15.39 14.23 14.34 16.13 14.10 
COO 08.07 06.92 13.02 19.01 18.17 17.11 09.30 11.62 
NA20 0.28 0.24 0.15 0.26 0.27 0.28 0.24 0.43 
TOTAL 98.89 98.51 99.09 98.49 90.70 98.76 99.34 99.36 
MOLE PERCENT ENDMEM0ERS 
• 
	
IN 43.8 42.3 40.2 47.7 43.7 43.3 47.6 41.8 
IS 21.3 24.8 32.9 04.8 21.7 23.7 15.1 35.3 
MO 34.9 32.9 25.9 37.6 34.6 32.9 37.3 22.9 
• 137 038 039 140 141 142 143 144 
M9c197 M10191 MIllS? M!c2!4 Ml2I4 10,214 112c214 M2,211 
WEIGHT PERCENT OXIDES 
S12 50.07 50.94 49.77 49.21 50.55 51.18 51.36 50.96 
9102 0.79 0.03 0.77 1.58 0.93 0.77 0.04 0.97 
01203 1.51 1.42 1.57 3.29 1.49 1.37 1.96 1.54 
CR203 0.01 0.01 4.00 0.00 0.00 0.00 0.02 0.80 
FED 16.06 03.50 16.59 9.82 11.13 02.22 9.53 10.03 
MNO 0.40 0.39 0.45 0.22 0.40 0.43 0.22 0.34 
MOO 12.64 14.73 12.79 04.27 05.02 03.90 05.53 15.57 
COO 16.34 16.68 16.73 20.15 19.01 19.50 19.19 00.58 
0020 0.20 0.20 0.22 0.30 0.29 8.29 0.30 0.30 
TOTAL 00.90 00.70 90.09 98.93 99.82 99.74 99.15 99.00 
MOLE 	PERCENT ENDNENBERS 
EN 38.1 43.8 30.3 44.0 43.1 40.7 45.6 45.4 
IS 79.3 3.1 20.6 17.5 10.8 20.6 16.0 10.2 
HO 32.6 33.0 33.7 30.3 37.4 38.7 30.4 36.3 
0 
(JR 
145 146 147 040 149 I50 151 J52 
N3c21d M4c214 lX4e214 M5218 M52l4 86c214 96,214 M7214 
WEIGHT PERCENT OXIDES 
5102 49.05 49.98 91.03 49.51 49.20 49.69 50.11 5091 
1102 1.51 1.57 0.71 151 1.60 1.60 1.42 1.16 
01203 3.25 3.17 1.67 3.35 9.67 3.56 2.61 2.13 
CR203 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.03 
lEO 9.70 9.80 13.58 9.54 10.03 9.85 10.70 11.77 
MAO 0.24 0.24 0.54 0.20 0.22 0.22 0.30 0.40 
MOO 14.52 14.39 13.73 14.43 14.50 14.14 14.51 14.20 
CAD 20 19 124 13i 24 L 41 !US  
NA20 0.36 0.31 0.31 0.37 0.40 0.39 0.37 0.35 
100*1 99.70 99.76 99.91 99.47 99.35 99.94 99.22 000.00 
MOLE PERCENT ENOHE080RS 
IN 44.6 44.2 40.4 44.5 45.4 44.0 44.1 42.5 
15 11.3 17.4 23.4 06.8 18.0 17.6 18.7 20.3 
*0 30.1 38.4 36.1 38.7 36.6 30.4 37.2 37.2 
053 154 155 196 057 150 159 160 
M8c214 M9c214 Nlc2l5A N1,2150 M2c2158 82,2058 82e2150 P1i225 
WEIGHT PERCENT OXIDES 
9102 46.74 40.04 51.88 51.97. 51.35 52.34 51.60 51.84 
1102 2.46 2.52 0.99 0.73 0.90 0.79 0.91 0.64 
01203 5.38 5.09 3.21 2.93 3.05 2.72 3.27 1.23 
CR203 0.01 0.01 0.52 0.23 0.31 0.29 0.13 0.02 
lEO 19.11 20.70 7.05 6.02 7.01 6.64 7.25 14.72 
MAO 0.30 0.43 0.20 0.14 0.18 0.17 0.19 0.55 
MOO 10.35 8.00 15.51 06.26 15.70 16.71 16.45 15.04 
COO 11.42 10.37 20.90 21.51 20.92 20.23 09.08 05.29 
NA20 1.30 0.92 0.38 0.28 0.36 0.32 0.27 0.24 
TOTAL 97.07 97.08 100.64 100.07 99.70 100.21 000.03 99.97 
MOLE PERCENT £NDMEMBERS 
IN 38.5 30.0 48.1 49.1 48.0 50.3 50.4 45.6 
15 40.5 47.2 02.6 00.4 12.3 11.6 12.8 24.7 
*0 21.0 20.9 39.4 40.5 39.6 38.0 36.8 29.7 
161 162 163 064 165 066 067 060 
P1225 P1225 PI225 P2c225 P2,225 P1c236 M1c254 NIi254 
WEIGHT PERCENT OXIDES 
9102 51.11 50.58 50.62 50.22 49.71 51.99 50.66 49.98 
1102 1.03 0.05 1.11 0.63 0.68 0.73 0.26 0.96 
01203 2.15 0.56 2.18 1.37 1.12 1.66 1.96 1.43 
CR203 0.02 0.01 0.02 0.04 0.04 0.02 0.02 0.01 
lEO 11.94 06.06 13.12 17.31 10.31 12.91 10.25 10.05 
MOO 0.41 0.58 0.46 0.70 0.79 0.45 0.29 0.45 
MOO 04.74 14.02 14.40 10.52. 11.64 14.05 14.19 10.00 
COO 10.82 15.07 7.00 07.00 17.02 18.67 19.48 16.15 
N020 0.33 0.25 0.30 0.22 0.23 0.27 0.29 0.25 
TOTAL 100.55 99.98 000.09 99,81 99.60 100.75 99.40 99.74 
MOLE PERCENT ENDOEMBERS 
EN 43.5 40.5 43.2 34.3 34.2 40.3 42.4 35.9 
15 28.4 27.5 22.7 30.0 31.7220 9.3 31.3 
*0 36.0 3010 34.0 35.7 34.2 66630.3 32.7 
069 070 171 072 173 174 175 076 
M2c254 82e254 Plc267B P22670 P3c267$ P4c267O P5c2670 P6c2678 
WEIGHT PERCENT OXIDES 
5102 51.16 40.95 50.96 50.61 51.74 49.58 51.20 50.90 
T102 1.32 0.95 0.07 0.11 0.17 0.11 0.17 0.02 
01203 1.99 1.21 0.40 0.07 0db 0.03 0.03 0.21 
CR203 0.04 0.02 0.00 0.02 0.00 0.02 0.00 0.02 
lEO 11.15 00.62 16.80 32.79 16.24 32.54 14.84 31.03 
MOO 0.26 0.49 0.01 2.02 1.08 2.07 0.01 0.95 
MOO 14.17 11.08 10.30 13.35 1040 13.31 00.47 14.56 
COO 09.54 06.41 10.01 1.30 10.34 1.31 20.68 1.34 
0020 0.29 0.23 0.41 0.03 0.42 0.04 0.44 0.04 
TOTAL 99.92 90.76 99.02 108.40 99.23 99.01 98.64 100.17 
MOLE PERCENT ENOMEMOERS 
IN 42.4 35.2 30.0 39.4 32.2 39.5 31.2 42.9 
J. -3 L Q iZ9.,1. 51.3...8!5, 13 
*0 38.4 33.0 40.1 2.7 39.3 2.8 44.3 2.5 
077 178 119 180 101 182 183 104 
P7267B 
WEIGHT PERCENT OXIDES 
P8c2670 71lc269 81,269 92c269 M2e269 03c269 M3269 
S102 50.00 51.31 49.93 52.03 50.33 50.60 50.75 50.46 
T102 0.02 0.15 1.15 0.60 0.22 0.21 0.06 0.81 
AL203 0.00 0.01 3.22 0.84 3.01 2.42 2.26 1.82 
CR283 0.02 0.02 0.30 0.03 0.03 0.03 042 0.01 
lEO 30.75 31.08 7.62 10.03 0.16 9.37 9.08 10.29 
MAO 0.92 1.94 0.16 0.38 0.17 0.26 0.32 0.34 
'MOO 04.50 14.45 15.54 14.57 15.65 15.25 05.01 15.64 
COO 1.31 1.36 20.94 19.52 20.04 20.16 28.02 19.05 
N020 0.05 0.04 8.32 0.39 0.33 0.35 0.34 0.32 
TOTAL 99.63 000.36 99.19 100.19 99.84 99.73 99.66 99.90 
MOLE PERCENT EADNEMOERS 
IN 43.1 42.6 47.6 434 47.0 45.3 84.5 45.6 
15 54.1 54.5 13.4 10.5 14.1 16.0 17.0 17.3 
80 2.8 2.9 39.0 38.5 38.9 38.7 38.6 37.0 
185 186 187 100 109 190 191 092 
M4c269 M5c269 M5e269 P1c273 P1,273 P203 P2273 P2273 
WEIGHT PERCENT OXIDES 
5102 50.44 51.90 5146 52.55 50.32 50.47 47.04 49.81 
1102 0.30 0.06 0.87 043 1.12 0.96 2.51 1.65 
01283 2.51 1.81 2.00 2.42 4.65 3.49 4.90 2.88 
CR203 0.00 0.82 0.02 0.46 0.85 0.03 0.02 0.80 
lEO 9.50 00.11 10.44 6.43 6.06 6.03 00.94 13.38 
MAD 0.24 0.34 0.35 0.14 0.04 0.12 0.20 0.45 
MOO 05.58 06.29 04.06 06.06 14.03 06.02 12.06 0249 
COO 20.14 09.23 20.33 20.30 20.82 21.25 20.27 10.62 
0020 0.34 0.32 0.34 0.25 0.40 0.28 0.42 0.39 
TOTAL 700.06 100.96 100.37 000.32 91.99 91.65 99.16 99.90 
MULE PERCENT (008EHOERS 
IN 45.9 44.4 43.2 50.5 49.7 50.2 82.4 39.8 
IS 16.1 14.7 72.6 III 73.0 0.0 20.5 24.1 
*0 38.0 36.0 39.2 797  37.7 39.0 37.0 36.1 
	
(cont.) 	PORO8ENE 
193 	194 	195 	196 	197 	ITO 	199 	200 
P3c273 P8c273 91c279 M2c279 M2,279 M3c279 83,279 14c279 
WEIGHT PERCENT OXIDES 
5102 	48.27 	50.52 	50.82 	50.05 	50.02 	50.72 	50.97 	50.67 
1102 2.23 	1.16 	1.00 	0.00 	0.60 	0.08 	0.75 	0.90 
01203 	4.80 	2.76 	2.05 	2.08 	0.29 	2.05 	0.47 	0.05 
CR203 8.00 	0.01 	0.01 	0.01 	0.02 	0.02 	0.02 	0.01 
FED 	10.16 	9.14 	10.67 	10.70 	13.96 	10.02 	02.15 	11.03 
MAO 0.20 	8.21 	0.31 	0.31 	0.40 	0.30 	0.40 	8.34 
MOO 	13.91 	06.07 	15.28 	05.20 	13.40 	15.05 	14.77 	14.07 
COO 19.81 	19.16 	00.83 	10.97 	18.23 	09.05 	18.21 	19.14 
0020 	0.36 	0.28 	0.30 	0.30 	0.27 	0.29 	0.27 	0.38 
TOTAL 99.82 	100.31 	99.36 	99.58 	99.23 	99.39 	99.00 	99.09 
MOLE PERCENT ENDMENDERS 
IN 	45.5 	40.3 	45.3 	45.1 	39.6 	44.6 	43.4 	43.9 
IS 10.9 	15.7 	10.2 	10.2 	23.0 	18.5 	20.6 	10.0 
*0 	35.5 	36.0 	36.5 	36.1 	36.5 	36.9 	36.0 	37.3 
201 	202 	203 	204 	205 	206 	207 	208 
84,279 M1284 Ml,284 NIc294 MIe284 M1e284 MIe284 82c284 
WEIOOT FERCEAT OXIDES 
LSIO2 	50.94 	50.91 	51.88 	51.04 51.25 	52.01 	51.60 	51.08 
1102 0.00 	1.28 	1.18 	0.93 	0.64 	0.10 	0.84 	1.04 
AL 205 	1.75 	3.10 	2.65 	2.66 	0.34 	1.42 	0.36 	2.07 
CR203 0.00 	0.07 	0.05 	0.33 	0.04 	0.08 	0.03 	0.03 
lEO 	11.68 	0.02 	8.23 	6.59 	11.91 	12.09 	12.18 	9.81 
MAO 0.40 	0.17 	0.10 	0.03 	0.54 	0.51 	0.58 	0.28 
MOO 	14.82 	15.11 	15.03 	15.77 	14.87 	04.90 	15.02 	15.25 
COO 18.24 	20.94 	20.86 	20.31 	10.43 	18.06 	08.32 	19.63 
0020 	0.28 	0.35 	0.34 	0.31 	0.33 	0.31 	0.32 	0.37 
TOTAL 	. 98.99 	99.95 	99.60 	99.07 	99.35 100.04 000.27 	99.56 
MOLE PERCENT EADMEMOERS 
EN 	44.0 	46.2 	45.4 	47.8 	43.1 	43.6 	43.5 	45.1 
15 20.1 	14.1 	14.3 	11.5 	20.4 	20.7 	20.5 	16.1 
*0 	35.9 	39.8 	40.3 	40.8 	36.5 	35.7 	36.0 	38.3 
209 	210 	211 	212 
M2,284 M2e284 P1029 PI329 
WEIGHT PERCENT OXIDES 
S102 	51.25 	51.49 	50.79 	50.75 
0102 0.82 	0.77 	0.80 	1.10 
01203 	1.73 	1.56 	2.28 	2.54 
CR203 0.03 	0.04 	0.13 	8.11 
FED 	10.52 	10.94 	8.46 	10.90 
MOO 8.37 	0.41 	0.28 	0.20 
MOO 	05.52 	15.27 	16.10 	15.16 
COO 19.00 	00.67 	19.00 	10.06 
8A20 	0.33 	0.30 	0.20 	0.29 
TOTAL 99.57 	99.46 	90.04 000.07 
MOLE PERCENT 000MEMBERS 
EN 	45.2 	44.7 	47.7 	45.5 
15 17.8 	10.4 	14.5 	00.9 
00 	37.8 	36.7 	37.0 	35.4 
Table 111.5 
GLASS 
1 	2 3 4 5 6 
Ga-025 	Rh-112 04-136 01-2170 00-225 Rh-2618 
WEIGHT PERCENT OXIDES 
9102 	77.03 	75.79 76.22 74.66 73.80 75.34 
1102 0.06 	0.12 0.00 0.00 0.20 0.00 
01203 	13.89 	12.18 13.24 13.03 14.94 9.23 
FEB 0.50 0.55 0.16 0.16 1.16 0.50 
ANO 0.09 0.00 0.00 0.00 0.00 8.00 
MOO 0.26 0.02 0.80 8.01 0.10 0.04 
COO 3.41 0.42 0.27 0.12 1.98 0.28 
000 0.00 0.00 0.00 0.00 0.00 0.00 
N028 4.63 2.30 2.58 2.58 4.10 2.69 
020 0.24 8.10 7.65 8.43 3.95 8.22 
10101 400.25 95.86 100.12 99.19 100.83 92.23 
NORMATIVE COMPONENTS 
H 48.9 43.4 31.3 26.9 26.6 42.8 
OR 1.7 27.8 45.0 50.0 23.4 25.0 
88 39.3 19.9 22.0 22.0 39.0 22.5 
AN 16.1 0.6 1.4 0.6 7.0 0.6 
CO - 3.0 012 0.2 - - 
of 1.0 - - - 1.7 0.5 
00 1.3 0.9 - - 1.1 0.8 
11 0.2 013 - - 0.5 - 
TOTAL 100.4 95.9 99.9 99.1 100.9 92.2 
Table 111.3 
ALbINO 
1 	2 3 4 5 6 1 0 
01c020 	01e020 OleOlO 02020 02e020 O3c020 01c258 02c254 
WEIGHT PERCENT OXIDES 
5102 3157 	37.53 36.21 37.70 37.54 37.74 33.42 32.89 
01283 0.06 	8.04 0.41 0.00 0.00 0.04 0.06 0.06 
lEO 26.06 	26.60 21.07 26.29 26.68 26.17 4742 49.17 
AND 0.37 	0.38 0.34 0.37 0.38 0.41 0.80 0.81 
AGO 35.30 	35.12 34.69 35.62 35.29 35.97 18.11 16.68 
COO 0.27 	0.27 0.26 0.26 0.26 0.26 0.37 0.37 
TOTAL 99.63 	99.94 90.14 100.28 100.19 000.59 100.10 99.98 
#010 PERCENT ENDME#BERS 
10 10.7 	70.2 69.6 70.7 70.2 74.0 40.5 37.7 
08 29.3 	29.0 30.4 29.3 29.8 29.0 59.5 62.3 
OLIVINE 800TITE 
9 	10 Il 1 
02e254 	P1c329 P2e329 01c0288 
HEIGHT PERCENT OXIDES 
SI02 33.40 	33.43 33.44 S102 40.47 
1102 0.00 	0.10 0.00 0102 4.35 
01203 0.32 	0.04 0.12 81203 42.10 
000 40.09 	47.03 45.02 018 11.40 
AND 0.80 	8.00 0.71 AND 0.10 
AGO 46.15 	18.29 19.16 800 18.82 
COO 0.80 	0.33 0.34 CAB 0.02 
TOTAL 99.76 	100.02 99.39 0020 0.21 
01E PERCENT ENOMENDERS 820 9.34 
TO 38.3 	80.5 43.9 TOTAL 96.11 
IA 61.1 	59.5 56.1 
Table 111.4 
4 	2 	3 	4 	5 	6 	1 	8 
A1r025 844025 814070 A1r070 P16112 #161680 4414210 N1r214 
HEIGHT PERCENT OXIDES 
5102 	0.40 	0.32 	0.08 	0.03 	1.27 	1.23 	0.40 	0.28 
1102 88.05 	6.03 	5.20 	47.97 	19.44 	20.36 	19.11 	53.70 
01283 	0.18 	2.71 	1.99 	8.10 	4.09 	4.15 	2.40 	1.05 
CR203 8.84 	0.00 	0.03 	0.08 	0.00 	0.05 	0.83 	0.00 
0E203 	- 	52.27 	55.11 	- 	24.36 	20.03 	21.01 
FEB 40.30 	36.45 	35.02 	40.40 	49.44 	40.90 	47.70 	44.13 
p MAO 	2.03 	0.45 	0.34 	2.02 	0.52 	0.20 	0.71 	0.34 
MGO 8.00 	0.29 	0.28 	0.73 	0.03 	0.36 	0.07 	0.84 
I TOTAL 	99.09 	98.36 	90.63 	99.25 	95.85 	92.96 	97.27 	91.14 
9 	40 	Il 	12 	43 	14 	15 	16 
82h214 #26214 #26214 #16225 #46225 M1r254 #18254 #48269 
WEIGHT PERCENT OXIDES 
5102 	0.06 	0.07 	0.00 	1.33 	1.27 	4.08 	0.09 	0.01 
T102 09.49 	89.25 	49.41 	24.34 	22.14 	41.54 	22.58 	2.58 
81203 	0.13 	0.12 	0.42 	0.70 	0.84 	0.35 	4.45 	3.08 
CR203 0.00 	0.00 	0.08 	0.08 	043 	0.07 	0.12 	0.07 
10203 	- - - 	21.30 	19.34 	- 	21.97 	61.45 
0(0 47.47 	47.70 	47.20 	58.29 	50.12 	46.00 	49.66 	32.50 
MAO 	2.25 	2.05 	2.27 	4.05 	1.12 	8.62 	0.54 	0.13 
#00 0.00 	0.11 	0.10 	0.47 	0.13 	1.42 	0.90 	0.90 
TOTAL 	99.40 	99.30 	99.32 	96.26 	95.56 	97.96 	97.20 100.00 
Il 	10 
N1r269 #16213 
WEIGHT PERCENT OXIDES 
5102 	0.00 	0.02 
TI02 41.19 	4.17 
A1203 	0.66 	13.60 
CR203 0.04 	20.30 
00203 	- 	20.28 
FEB 51.64 	24.89 
#00 	4.05 	0.63 
#60 2.57 	7.91 




APPENDIX IV 	WHOLE-POCK DATA (in Tables IV.1 - IV.3) 
Presented here are major- and trace element abundances 
as analysed by XRF. For RE elements see Appendix V. 
Normative components are listed below each analysis.* 
Table IV.1 Analyses of lavas 
Table IV.2 Analyses of minor intrusions 
Table IV.3 Analyses of major intrusions 
* Fe203 is total iron. During the process of 
normative calculations, total iron was recast 
as Fe203 and FeO according to Brooks, 1976. 
Table 20,1 
11087 31088 31090 31095 11099 31202 31105 31206 11101 31109 31110 11111 31112 31141 11145 31253 112548 112518 
112908 312599 
8102 41.37 47.61 4843 44.47 42.18 49.10 50.23 .50.45 50.44 50.23 5102 48.56 48.13 13.24 48.85 48.26 46.36 47.25 
41.51 48.51 48.57 
61.203 22.57 22.22 22.23 23.49 13.71 13.86 23.95 23.92 13.46 23.22 *1203 23.32 24.22 12.11 22.85 13.43 12.95 22.54 13.18 23.02 23.22 
1`1203 26.48 26.83 26.86 25.80 25.63 14.39 23.08 24.86 15.12 24.99 FF203 15.31 14.12 2.43 25.90 14.95 26.25 26.92 25.66 25.00 
24.09 
1160 5.85 5.17 5.48 6.14 5.88. 5.72 4.92 4.52 4.51 5.03 860 5.08 6.38 0.02 4.95 6.02 5.80 5.26 5.88 5.87 6.02 
COO 20.46 10.45 9.96 12.68 20.25 9.94 10.18 9.23 8.48 9.05 COO 9.94 20.52 0.12 9.36 20.82 20.39 9.19 10.43 20.52 20.40 
8*20 2.01 2.93 2.02 2.05 2.44 2.72 2.48 2.34 2.38 2.42 , .120 2.18 2.38 4.29 2.46 2.01 1.81 2.25 2.12 
2.25 2.26 
820 0.25 0.24 0.45 0.25 0.26 0.54 0.21 0.19 0.34 0.26 620 0.42 0.24 3.46 0.25 0.24 0.23 0.20 0.32 0.22 
0.32 
1202 3.81 3.90 3.98 3.23 2.94 2.15 3.26 3.26 3.77 3.61 1202 3.55 3.22 0.25 3.90 2.97 3.10 3.59 3.20 3.02 
2.94 
1010 0.25 0.24 0.25 0.23 0.22 0.22 0.22 0.25 0.24 0.25 11120 0.22 0.24 0.20 0.23 0.27 0.31 0.24 0.23 0.23 
0.23 
P205 0.37 0.39 0.40 0.32 032 0.34 0.37 0.39 0.45 0.44 P205 0.40 0.34 I 0.46 0.32 0.37 0.38 0.34 0.32 
0.29 
TOTAL 99.30 91.27 99.85 99.84 99.72 95.64 99.60 99.43 99.20 99.35 TOTAL 99.94 91.38 96.48 99.37 99.34 98.20 98.26 18.81 98.92 
99.02 
L01 . 10! 
NI 62 51 52 80 51 51 42 26 27 30 NI 39 58 4 36 63 66 44 55 59 62 
CR SI 59 60 120 49 42 46 22 25 18 CR 36 ItS 0 23 47 17 37 55 48 
69 
V 473 .452 482 436 432 384 392 396 428 444 V 406 420 I 430 429 477 407 438 429 372 
SC 39 4346 46 44 38 37 39 39 35 SC 37 38 I 34 42 44 42 42 39 31 
CU 230 248 240 260 237 125 62 51 56 86 CU 80 224 0 89 151 222 152 120 134 126 
ZN 240 137 145 229 232 228 232 244 . 245 244 .19 123 123 212 253 222 242 131 233 223 115 
90 264 234 225 225 225 272 301 304 322 324 SR 284 293 60 304 242 222 238 233 236 
234 
92 0 2 6 0 • 8 I 0 2 2 RI 3 * 19 2 3 I I 4 2 4 
ZR 253 262 268 208 211 224 253 273 287 283 ZR 240 222 452 302 208 246 258 226 223 203 
88 20 22 22 18 28 28 20 22 23 23 88 20 17 72 23 26 21 20 II 17 25 
BA 67 101 234 75 54 US 59 74 206 124 88 89 80 528 135 16 73 115 226 75 III 
P8 0 3 3 2 5 2 2 2 3 2 PB 2 3 8 3 4 2 2 2 2 3 
112 0 I I 0 I 	 I I 2 • I f TH I f 20 0 I I I 0 0 0 
LA 32 20 20 10 19 29 29 22 20 20 LA 20 19 05 23 13 20 24 15 111 14 
Ct 49 48 51 32 43 44 54 52 67 50 CC 48 42 207 54 42 52 49 36 38 38 
MD 32 34 35 28 30 23 33 36 37 34 08 30 II 202 35 28 32 50 21 22 24 
48 49 50 dl 40 42 43 44 50 49 9 43 39 120 51 40 47 48 43 41 39 
8 2.88 3.97 4.16 - 0.82 0.43 5.28 7.32 8.11 6.64 8 4.33 1.37 33.23 4.83 2.21 2.68 3.32 1.57 2.53 2.45 
CO - - - - - - - - - - CO - - - - - - - - - 
OR 0.89 2.44 2.71 0.89 045 3.24 1.27 1.13 2.06 1.59 89 2.47 0.82 22.24 2.48 1.43 0.82 0.84 2.95 1.30 2.95 
88 27.31 16.71 27.25 27.65 21.01 23.36 21.34 20.39 20.54 20.90 88 28.86 29.83 31.74 21.26 17.10 16.14 15.81 18.36 29.50 28.70 
All 25.38 24.24 23.24 27.56 26.41 24.43 26.73 27.32 25.59 24.59 AN 25.98 28.29 3.68 23.15 27.27 27.59 24.96 26.21 25.39 26.00 
NE - - - - - - - - - - - - - - - - - 
DI 20.89 22.85 20.36 24.19 29.33 19.46 28.40 23.97 22.03 15.11 111 28.29 28.62 0.03 17.14 22.17 19.28 18.94 20.46 22.50 20.62 
90 22.40 20.32 20.19 26.78 22.32 20.45 27.56 20.01 20.53 20.28 HI 19.61 22.14 3.38 29.89 22.00 22.44 22.27 22.67 20.53 22.25 
01. - - - 3.21 - - - - - - . 	02. - - - - - . - - - - 
121 2.89 2.96 2.94 2.76 2.13 2.51 2.42 2.60 2.65 2.63 Ml 2.70 2.47 0.43 2.80 2.62 2.89 3.00 2.16 2.64 2.62 
IL 7.39 7.59 7.67 6.21 5.68 5.32 6.11 6.32 1.32 1.11 IL 6.90 6.04 0.29 7.12 5.14 7.28 7.04 6.24 5.85 5.72 
OP 0.90 0.94 0.97 0.75 0.14 0.82 0.89 0.95 2.09 1.01 A? 0.97 0.02 - 2.22 0.15 0.92 0.93 0.82 0.16 0.70 
-.Q 
am 
11160 31161 31163 J1164 11165 31166 31161 8168t 111680 11110 11180 11181 11184 31189 31219 11222 11225 31226 31229 31231 
5102 48.15 40.52 48.21 48.68 48.58 41.15 41.51 48.58 45.81 41.13 5102 48.31 48.01 41.15 49.16 46.56 46.99 53.01 47.25 41.51 49.84 
*1203 13.32 13.51 13.49 13.38 13.12 13.31 13.40 12.50 16.50 13.30 61203 13.28 13.24 (3.54 13.40 12.84 12.13 11.04 13.22 12.81 13.42 
11203 14.64 14.48 14.92 15.03 15.10 14.39 14.44 13.84 11.51 14.11 1(203 14.06 14.51 14.27 13.61 16.27 16.31 13.75 15.46 15.96 14.61 
1160 5.76 5.75 5.46 5.35 5.10 5.77 4.18 4.84 4.29 5.76 1100 5.67 5.68 5.84 5.45 4.93 4.73 2.73 4.86 4.16 4.18 
COO 10.24 10.35 10.40 10.10 9.49 11.09 10.88 9.16 11.76 10.70 CAO 10.48 10.63 10.12 10.64 9.93 9.53 6.87 9.21 9.05 8.27 
8820 2.20 2.21 2.41 2.41 2.26 2.47 2.25 1.64 1.79 2.22 8820 2.22 2.24 2.01 2.40 2.58 2.62 3.44 2.99 2.83 3.39 
(20 0.49 0.47 0.18 0.31 0.34 0.23 0.22 0.18 0.21 0.25 (20 0.32 0.24 0.31 0.31 0.33 0.45 1.14 0.61 0.62 0.86 
T 10 2.91 2.90 3.02 3.10 3.21 2.84 2.88 3.20 2.34 3.03 1102 3.07 3.04 2.96 3.11 3.93 3.91 2.54 3.69 4.38 3.15 
(11(0 0.23 0.21 0.24 0.24 0.23 0.19 0.20 0.20 0.18 0.22 1180 0.23 0.21 0.22 0.22 0.21 0.26 0.31 0.25 0.25 0.32 
P205 0.31 0.32 0.34 0.37 0.42 0.28 0.29 0.34 0.28 0.30 P205 0.31 0.30 0.29 0.32 0.52 0.53 0.96 0.52 0.56 1.65 
101*1 98.84 98.77 98.72 99.03 91.81 98.39 99.50 95.33 94.81 98.21 101*1. 91.94 98.11 97.30 99.61 9840 98.10 91.85 98.31 98.14 99.69 
LOl. 1.0 3.5 4.3 101 
MI 43 42 40 36 29 55 53 47 48 56 MI 43 46 49 43 41 34 3 41 14 5 
CO 68 67 60 37 22 73 69 58 72 39 CR 39 42 44 32 44 21 I 49 2 I 
V 375 386 395 397 399 402 380 416 328 401 V 376 381 314 413 420 441 131 368 372 Ill 
SC 39 40 40 38 38 41 40 41 32 39 Sc 41 38 40 42 38 38 26 30 36 26 
CU 102 68 94 92 81 82 85 141 95 19 Cli 68 15 72 63 96 84 10 47 25 16 
ON III Ill II? 125 133 126 III 125 96 III IN III 112 107 122 139 146 172 137 139 147 
SR 282 282 291 291 295 288 219 293 324 288 SR 297 297 271 299 311 312 331 399 310 452 
RD 1 6 a I 3 0 * I 4 0 RD 2 I 3 I I 7 26 5 6 10 
ZR 213 212 214 230 271 (88 085 220 178 194 lB 200 195 191 204 264 276 469 287 293 420 
NO Ii Il 17 19 23 15 15 1$ 15 13 811 15 IS (5 16 23 23 37 21 24 33 
BA 126 89 12 104 92 80 71 65 74 87 BA 98 66 83 81 131 219 293 142 110 243 
PR 3 2 1 2 3 2 2 3 3 0 PB 3 3 I 3 2 2 4 I 1 4 
IN a a a 0 I 0 a 0 a 0 IN a 0 a I a a I a a 0 
18 (4 (8 II (4 20 14 (5 13 4 29 LA 10 16 3 9 19 31 45 22 25 40 
CI 41 50 47 40 57 44 35 34 31 42 CI 40 32 34 38 55 58 106 54 54 106 
NB 21 28 29 24 33 18 25 26 21 24 ID 29 28 23 24 36 36 63 37 36 71 
V 39 39 39 41 46 35 35 38 30 34 0 31 36 35 37 49 50 19 47 50 82 
0 2.55 1.95 1.79 2.42 4.40 0.14 0.51 8.58 2.55 1.72 0 2.98 2.36 3.26 3.15 0.95 1.57 8.27 - 1.49 3.10 
Co - - - - - - - - - - Co - - - - - - - - - - 
08 2.94 2.83 1.09 1.89 2.18 1.38 1.32 1.12 1.73 1.49 88 1.99 1.49 1.88 (.65 1.99 2.73 6.98 3.74 3.74 5.14 
AR 19.12 19.73 21.47 21.41 19.84 21.55 19.60 16.15 16.11 19.40 89 19.40 19.54 11.73 21.28 22.57 22.93 30.29 26.07 24.61 29.14 
AN 25.63 26.09 25.86 25.06 25.66 25.42 21.09 26.19 38.55 26.38 88 24.18 26.21 28.11 25.30 21.26 22.39 17.24 21.48 20.96 19.14 
ME - - - - - - - - - - NE - - - - - - - - - - 
Dl 20.20 20.21 20.65 19.74 (7.01 24.30 21.88 18.62 11.99 21.81 DI 21.10 21.14 18.34 22.09 20.13 19.19 9.79 18.70 17.67 9.71 
NY 20.57 20.21 19.80 19.92 20.87 18.41 20.66 (8.31 15.39 (9.91 KY 19.08 19.39 21.57 11.10 19.19 19.21 17.59 17.59 18.62 21.16 
0!. - - - - - - - - - - 01 - - - - - - - 4.79 - - 
III 2.58 2.54 2.63 2.64 2.69 2.54 2.55 2.53 2.12 2.62 MI 2.50 2.57 2.55 2.40 2.89 2.90 2.44 2.74 2.82 2.55 
It 5.66 5.65 5.90 6.02 6.11 5.54 5.63 6.45 4.78 5.93 It 6.03 5.96 5.84 6.05 7.72 1.80 5.04 7.63 8.54 4.08 
AP 0.16 0.19 0.82 0.89 1.04 049 0.70 0.87 0.71 0.74 OP 0.76 0.74 0.12 0.70 1.28 1.29 2.36 1.26 1.35 3.97 
0 
im am 
11328 11329 J1333 11334 11340 11340 
11233 11234 11235 31236 31242 31243 31245 11246 31252 J1254 
S102 48.21 48.01 41.01 45.14 11.11 74.89 
6102 48.00 48.19 41.83 $4.40 48.21 48.48 50.23 50.44 51.41 45.58 12.82 
*1203 13.60 13.19 13.69 13.90 12.83 12.21 12.86 12.96 12.45 12.14 
*1203 17.66 14.62 22.96 13.53 12.39 
11203 14.60 13.86 03.60 10.95 06.02 15.85 15.15 14.87 16.04 08.84 
11203 11.92 03.88 6.66 16.23 2.54 1.84 
0050 3.90 6.24 3.77 6.52 0.02 0.11 
0000 5.10 6.03 5.68 2.62 4.63 449 4.31 4.55 3.38 5.63 0.48 
COO 10.33 00.92 00.85 6.65 0.80 8.61 8.01 8.30 1.70 9.49 
COO 00.94 11.59 13.41 10.41 0.88 
KA20 2.59 2.20 1.96 2.04 3.92 4.50 
00*20 2.54 2.23 2.24 2.93 2.52 2.10 2.56 2.61 2.94 2.34 3.51 3.92 
620 0.45 0.28 0.41 1.41 0.40 0.61 0.19 0.10 1.23 0.46 
620 0.44 0.21 0.30 0.15 . 
.1102 2.17 2.31 1.35 3.38 0.20 0.21 
7102 2.93 2.92 2.91 1.93 4.00 3.83 3.68 	. 3.60 2.82 3.98 0.09 0.07 
0800 0.23 0.20 0.21 0.23 0.24 0.24 0.22 0.24 0.30 0.25 
110(0 0.16 0.20 042 0.23 
P205 0.36 0.21 0.13 0.34 - 0.02 
P205 0.33 0.32 0.31 0.84 0.46 0.44 0.46 0.44 0.35 0.40 
TOTAL 98.96 99.40 91.81 97.98 94.88 98.05 
101*1 98.10 99.34 91.80 91.92 98.20 96.67 98.47 90.14 99.61 99.76 
100 5.2 
101 3.4 
WI 23 64 58 88 3 3 
MI 40 II 64 4 29 30 25 26 2 62 
CO 50 108 103 I 8 3 04 Il 2 81 
CO II 033 82 162 * 
O 403 355 340 84 414 396 388 365 032 444 
8 300 317 090 413 2 
SC 40 34 34 21 34 35 34 31 33 36 
Sc 26 43 19 35 I 3 
CU 89 14 88 14 92 90 69 73 23 211 
CU 55 138 58 092 I) 
011 000 . 	LOS 003 153 031 ISO 138 034 014 044 08 97 102 56 129 109 96 
SR 294 304 299 347 308 260 274 291 207 260 
SR 456 225 398 231 62 65 
00 5 2 4 23 5 0 8 6 07 6 
. 	80 2 I 8 f 008 01 
08 219 204 208 430 1308 298 333 327 507 250 
lB 077 042 93 220 440 463 
.0(0 1$ 17 17 34 23 23 24 24 39 20 
88 13 II 6 08 54 55 
BA 021 121 102 290 056 207 063 211 260 035 
BA 115 65 126 SI 540 582 
PB 2 2 0 4 3 3 3 3 4 3 
PB I I I 0 3 6 
TO • I 0 3 0 0 2 * TH I • • i 9 00 
1* II 19 26 40 13 . 	14 20 34 	- 47 24 . 	1* 12 4 21 30 92 66 
Cl 37 46 40 0 14 46 60 69 64 006 50 
. CC 37 31 13 47 179 101  
0(0 20 27 27 61 33 38 31 40 70 
-MD 25 20 14 28 103 63 
V 39 37 37 77 52 51 53 54 89 49 
1 33 34 II 43 137 66 
0 0.43 - - - 32.92 31.96 
A 0.00 2.19 044 14.38 4.42 1.31 6.53 6.36 6.58 
- 
- CO - - - - 0.51 0.36 
CO - - - - - - - - - 00 2.63 0.20 2.28 0.92 22.31 23.47 
OR 2.75 0.70 2.53 8.94 2.42 4.15 4.19 4.22 7.41 2.76 
AO 22.07 09.25 09.60 25.59 22.07 08.66 22.25 22.67 25.29 20.56 
*0 22.40 18.95 01.08 17.91 35.03 38.59 
AN 24.99 21.29 21.01 21.05 23.24 23.05 20.93 22.05 01.44 23.05 
AM 36.00 29.90 54.19 28.21 4.59 2.26 . - NE - - - - 
NE - - - _ - - _ - - 
DI 21.06 20.30 22.00 6.17 15.75 05.63 03.96 14.30 10.58 00.55 
00 14.13 22.54 01.14 10.98 
81 19.94 19.43 00.20 16.11 20.28 19.53 19.56 09.58 20.09 17.69 
(IV 05.03 00.17 10.49 09.13 3.71 2.60 
5 - 5.32 01 - 1.17 0.69 3.02 - - 01 - S _ 01 2.09 2.43 1.10 2.89 0.46 0.32 
MI 2.57 2.43 2.42 1.94 2.86 2.86 2.68 2.62 2.80 3.30 
It 5.70 5.65 5.84 3.10 7.05 143 1.08 7.02 5.46 7.70 
It 5.30 4.46 2.63 6.65 0.41 0.40 
OP 0.80 0.17 0.76 2.04 1.12 0.00 1.10 1.01 3.24 0.91 
OP 0.88 0.50 0.32 - 0.03 0.01 0.09 
Table IV,2 
JTOOIA 	310018 	31002 	31003* 	318038 JT003C 	31005 	37006 	31001 	31008 
	
31024 	31027 	31028 	31029 	31030 	31031 	31046 	31047 	31049 	31053 
5102 47.84 47.38 .46.28 47.24 50.54 47.36 49.38 46.40 53.05 45.80 5102 53.58 49.27 48.10 48.09 45.81 48.70 41.05 46.23 46.89 45.91 
01203 16.14 13.60 15.09 12.87 12.36 12.91 12.38 15.29 12.93 14.98 *6203 12.80 13.41 14.44 13.05 19.10 13.47 14.51 13.61 14.68 13.87 
10203 11.86 13.73 12.50 15.30 14.48 14.73 14.32 11.73 13.48 12.42 1(203 11.79 14.11 14.10 14.85 9.26 10.20 13.18 14.44 12.53 13.08 
060 5.22 6.09 6.84 5.60 4.22 5.53 4.03 5.66 3.25 6.55 • 3.04 4.13 5.29 5.50 5.24 6.39 6.12 6.28 7.21 6.23 
COO 11.16 .1048 10.56 8.92 6.97 9.18 8.86 11.39 1.41 1126 COO 5.64 7.07 10.76 9.90 12.88 11.22 10.83 9.81 10.61 11.31 
8020 2.70 2.69 2.37 2.79 3.30 3.71 4.38 2.50 3.35 2.37 .8*20 4.15 2.95 2.77 2.60 1.92 1.89 2.28 2.95 1.95 2.16 
020 0.57 0.63 0.51 0.71 0.75 0.45 0.29 0.75 0.87 0.42 (20 1.00 1.21 0.41 0.36 0.31 0.12 0.27 0.24 0.24 0.47 
7102 2.50 2.94 2.44 3.32 3.57 3.19. 3.54 2.35 2.99 2.43 1102 2.48 3.26 2.84 2.91 1.72 2.11 2.73 3.13 2.47 2.68 
MOO 0.11 0.20 0.19 0.24 0.25 0.27 0.20 0.11 0.26 0.18 MOO 0.19 0.24 0.22 0.22 0.13 0.21 0.20 0.11 0.1* 0.18 
P205 0.27 0.30 0.25 0.31 8.51 0.35 0.58 0.24 0.60 .0.22 1205 0.85 0.71 0.29 0.31 0.15 0.27 0.27 0.30 0.23 0.25 
10101 98.43 97.93 97.03 97.30 96.95 97.48 97.96 96.49 98.24 96.62 101*1 95.53 96.31 99.82 97.90 96.60 99.16 98.06 97.22 97.01 96.22 
LOt 2.8 3.1 2.9 "101 3.9 2.9 2.5 2.8 
MI 51 55 72 41 6 .38 4 '59 4 85 Ml 1 Il 42 .48 .61 84 87 . 52 11 60 
CR 94. 99 164 37 a 33 4 139 I 177 'CR 3 16 33 42 164 163. 146 142 Iii 113 
O 307 . 360 297 '403 .285 390 301 300 '203 304 	 I V 159 279 .313 '399 230 . 377 327 393 304 310 
SC 35 35 29. 38 32 35 32 32 25 33 SC 21 25 50 38 23 43 35 46 30 34 
CO 98 124 .118 135 Ii 88 51 112 15 III CU ' 	14 II 130 152 86 159 120 126 108 109 
IN 102 121 98 112 177 207 156 79 140 87 	 , IN 160 157 106 119 71 112 90 121 103 84 
OR 385 . 	343 317 328 329 352 335 342 323 322 SR 320 390 328 254 418 .222 365 296 202 321 
RD to 12 9 16 15 6 . 	I 15 16 . 	7 " RD 16 23 5 6 3 8 3 3 4 8 
ZR lii 197 157 216 333 231 355 154 406 149 JR. 540 391 196 222 102 1SO lBS 198 '157 Ill 
NO 14 5 12 Ii 27 19 29 12 32 12 83 35 28 11 18 10 14 13 16 12 13 
BA '91 '107 110 222 180 114 .85 114 175 92 8* ' 	286 234 113 lOS 65 79 103 Be 59 88 
P8 1 .2 0 3 2 4 2 2 I 2 'P8 4 3 3 2 I 2 0 2 2 2 
18 0 f 0 0 0 a I a I f IN I a # a * 'a a I a * 
LA 1 I? 23 15 26 14 32 IA 35 13 '.LA 38 36 15 21 13 15 9 Il 9 9 
Cl 26 28 32 30 57 33 59 30 81 36 CL 100 75 46 36 21 ' 	45 46 33 36 33 
NB 25 22 20 25 42 25 40 23 49 22 'ND 62 49 24 24 18 25 25 19 19 24 
1 33 34 29 41 57 39 56 .28 61 27 1 71 58 56 42 19 31 35 33 27 30 
O - - - - 5.62 - - - 0.30 - 0 8.23 4.19 - 1.15 - 3.25 - - 0.16 - 
CO - - - - - - - - CO - - - - - - - - - - 
OR 3.49 3.02 3.14 4.30 4.60 2.16 1.75 4.62 5.27 2.60 ' 	OR 6.23 7.54 2.44 2.21 1.89 0.69 1.66 1.48 1.49 2.94 
08 23.45 23.56 20.94 24.51 29.14 32.55 38.27 22.18 29.18 21.00 08 37.13 26.24 23.76 22.78 16.97 '16.29 19.93 25.99 17.22 19.23 
AN 31.02 23.95 30.23 21.36 17.48 17.90 13.74 29.64 18.23 30.34 AN 14.14 20.71 26.15 23.71 44.68 28.53 29.46 24.33 31.89 28.14 
NI - - - - - - - 5 - III - - - - - - - - - - 
01 19.81 22.50 18.63 18.80 12.67 22.61 23.24 23.00 13.37 21.86 . 	DI 8.04 9.36, 21.61 20.81 17.22 21.86 19.84 20.14 17.57 24.02 
NY 10.22 11.69 10.94 18.55 19.52 2.31 8.83 4.33 15.86 648 NY 16.96 21.08 16.49 20.19 8.85 20.91 10.12 9.66 23.96 13.06 
01 4.38 5.54 8.45 2.26 - 12.31 3.24 8.86 - 9.72 01 - - 0.80 - 4.96 - 2.62 8.81 - 4.26 
MI 2.09 2.44 2.24 2.74 2.60 2.63 2.54 2.11 2.39 2.23 	 ' 01 2.14 2.55 2.46 2.64 1.66 2.49 2.34 2.59 2.25 2.36 
11 4.88 5.76 4.84 6.57 7.09 6.21 6.96 4.61 5.05 4.82 IL 4.98 6.51 5.47 5.73 3.40 5.26 5.35 6.20 4.90 5.36 
OP 0.66 0.13 0.61 0.76 1.27 0.06 1.43 0.59 1.47 0.55 Op 2.14 1.71 0.69 0.77 0.39 0.66 0.67 0.13 0.54 0.63 
0-.) 
31054 31055 31079 J1084A 31085 31089 31091 J1093 31094 31096 31099 31102 31103 31123 31124 31125 jTI33 31136 31139 
5102 48.06 46.56 16.38 48.22 46.81 46.23 48.09 47.00 47.93 41.76 5102 45.32 50.47 43.68 46.81 46.91 47.32 68.62 59.40 47.85 
AL283 14.29 13.46 12.09 12.38 13.31 13.25 12.55 13.90 15.93 16.30 A1203 13.82 12.03 14.95 18.69 17.77 13.24 13.60 13.79 13.96 
11203 13.50 14.74 1.65 15.72 14.20 14.38 15.70 12.89 11.73 11.19 10203 14.06 14.10 13.20 9.56 11.58 14.03 5.21 8.99 12.74 
800 4.59 6.90 0.14 5.08 5. 5.9 4.73 613 6.01 5.65 soo: 6.37 4.15 5.50 5.28 3•97 5.75 0.73 2.58 6.32 
COO 9.48 8.85 0.45 . 8.76 10.82 11.56 9.18 11.58 11.82 11.65 COO 11.32 8.03 11.18 12.94 10.21 9.34 2.32 5.34 10.67 
8420 2.67 2.45 3.83 2.89 2.09 1.77 2.05 1.70 1.92 1.92 11020 1.91 2.60 1.68 2.07 297 3.16 4.15 3.47 2.33 
1120 0.42 0.47 4.32 0.83 0.49 0.09 0.60 0.0 0.08 0.08 1120 0.45 0.97 0.19 0.09 1.04 0.93 3.12 2.31 0.36 
1102 2.94 3.13 0.15 3.79 2.81 2.85 3.82 2.61 2.07 2.00 1102 2.93 3.54 2.52 1.84 2.58 2.96 0.75 1.78 2.53 
880 0.18 0.17 0.04 0.23 0.21 0.21 0.23 0.18 0.16 0.16 ''800 0.21 0.22 0.19 0.14 0.17 0.19 0.12 0.17 0.19 
P205 0.44 0.30 0.02 .0.43 0.29 0.29 0.41 0.26 0.20 0.19 P205 0.28 0.59 0.25 0.18 0.27 0.31 0.15 0.43 0.25. 
-TOTAL 96.58 91.01 98.96 98.32 94.83 96.30 97.96 .94.60 97.06 96.91 '181At 96.14 96.69 93.34 97.61 91.49 97.24 98.97 98; 28 97.22 
to! 2.5 2.4 3.0 2.6 2.5 10! , 2.7 2.4 6.1 
.11! 32 47 3 35 57 53 23 .63 14 63 ; 	NI 58 5 53 62 31 49 3 10 62 
CO 80 71 * 22 32 32 II 129 76 12 CR 98 5 114 149 22 . 	71 * 9 148 
0 304 403 6 430 '383 373 .412 321 287 270 8 . 	381 303 391 241 300 314 12 131 317 
Sc 38 44 2 30 32 31 34 27 30 26 Sc 33 29 43 28 29 33 8 Il 31 
CU 00 142 I 17 133 '145 89 .107 131 119 CO 124 12 113 19 115 120 19 66 121 
ZN 133 129 88 137 119 120 138 91 18 85 ZN lIZ 144 107 75 92 . 	120 15 87 93 
SR 318 . 303 46 336 343 341 345 288 281 270 58 256 253 298 383 433 326 211 271 364 
RD 6 9 .232 15 8 I 8 4 f # RD 4 lB. 2 0 Il . 	.15 65 44 8 
ZR 284 .205 204 266 199. 199 .215 187 .135 133 ZR 192 338 162 120. 187 210 610 :369 '170 
NB 23 IS '54 23 Il 16 23 15 II 11 NB 15 26 Id 9 IS 17 43 32 14 
BA 145 '104 499 152 128 .55 203 94 24 45 BA 154 185 52 45 . 213 160 422 303 112 
PB 2 2 8 3 • 3 2 3 3 3 PB 2 3 1 I 0 2 7 4 2 
18 * * 14 I ' I 0 I 0 0 '1H 0 I ' * I * 8 5 * 
IA 19 16 59 23 15 17 21 21 6 13 LA 22 35 21 4 6 19 52 45 . 	23 
CC 51 35 134 51 33 40 61 33 30 26 CI 37 76 26 10 36 40 129 103 .30 
ND 31 19 58 33 . 	25 26 33 23 22 . 	16 NO 22 . 45 22 13 22 28 .67 55 23 
.9 45 35 84 44 34 33 44 31 .21 26 5 33 55 32 24 32 35 75 .42 30 
o 2.80 - 34.33 0.81 0.65 2.26 5.05 1.95 1.84 2.48 	 . 0 - 7.84 - - - - 24.56 14.09 0.60 
Co - - 0.45 - - - - - - - CO - - - - - - - - - 
OR 2.59 2.90 25.73 5.05 3.00 0.50 3.65 2.10 0.48 0.52 08 2.81 6.03 1.19 0.54 6.35 5.74 18.71 14.03 2.18 
AU 23.71 21.65 32.18 25.22 18.44 15.77 11.95 15.02 16.80 16.94 .08 17.47 23.02 15.41 18.10 26.07 27.86 35.67 30.13 20.48 
AN 27.00 25.42 2.15 18.94 26.70 29.31 2411 30.31 35.74 37.10 AN 2842 19.16 35.49 42.04 33.26 19.99 9.38 15.60 27.68 
HE - - - - - - - - - - HE - - - - - - - - - 
DI 16.04 15.15 - 19.15 22.76 24.02 19.50 23.04 19.32 17.97 DI 23.18 15.48 18.99 18.27 14.49 21.63 1.99 7.27 21.16 
HO 18.47 22.42 2.44 19.51 19.59 19.00 18.43 18.71 19.18 18.53 . 	NY 13.61 17.44 20.24 12.66 2.80 5.34 6.97 12.17 19.98 
01 - 2.87 - - - - - - - 01 5.07 - 0.39 1.84 9.21 10.31 - - - 
81 2.43 2.65 0.29 2.79 2.55 2.60 2.79 2.32 2.08 2.00 III 2.53 2.34 2.46 1.70 2.06 2.51 0.91 1.58 2.28 
It 5.85 6.20 0.29 7.42 5.38 5.69 1.52 5.18 4.06 3.96 II 5.83 7.03 5.19 3.60 5.08 5.06 1.44 3.48 3.03 




31142 31143 31144 31246 31148 31151 11252 31155 31186 31188 31192 31193 31194 
11195 31196 11191 11209 J1215C 31247 
S102 69.36 48.97 47.26 48.51 46.73 41.10 41.48 46.96 46.69 5102 46.48 68.56 47.51 46.88 46.46 
44.09 49.13 49.04 50.06 41.11 
81203 13.55 13.49 14.14 14.15 14.51 13.03 16.43 13.09 17.18 8(203 15.51 12.49 12.96 15.52 15.10 
15.69 13.41 13.30 13.82 19.65 
F1203 4.48 14.29 13.18 12.46 13.04 14. 53 11.14 14.64 10.91 16203 ..74 3.28 14.33 12.10 12.98 
12.44 14.10 14.38 11.96 8.61 
MOO 0.83 5.68 6.57 6.02 6.35 5.77 5.54 586 514 000 6.13 0.46 546 
5.99 5.71 5.07 6.01 5.58 5.01 5.18 
CA0 2.10 10.25 11.04 10.07 11.78 10.61 12.02 10.96 11. 20 CAD 10.89 2.52 10.11 11.47 10.91 
9.81 10.28 10.22 8.91 12.61. 
8*20 3.69 2.72 2.41. 2.76 2.00 2.24 1.84 2.94 2.21 8*20 2.09 2.03 2.74 2.09 2.30 
2.23 2.29 2.64 3.27 2.09 
620 3.56 0.31 0.40 0.68 0.29 0.51 0.42 0.40 0.41 820 0.39 5.76 0.66 0.79 0.84 
1.56 0.54 0.31 0.69 0.08 
1102 0.79 3.02 2.54 2.50 2.53 3.06 2.24 3.56 2.29 1102 2.23 0.42 3.03 2.42 2.18 
2.12 2.12 2.61 2.39 1.63 
1810 0.08 0.21 0.19 0.19 0.19 0.28 0.17 0.29 0.14 880 0.16 0.06 0.19 0.27 0.18 
0.19 0.20 0.22 0.20 0.23 
P205' 0.16 0.34 0.25 0.29 0.25 0.30 0.23 0.29 0.21 0205 0.20 0.05 0.32 0.24 0.26 
0.27 0.27 0.29 0.28 0.16 
.70141 98.59 99.28 91.97 98.22 97.75 97.32 9041 97.39 96.43 10181 95.83 95.64 96.42 97.66 97.54 
95.97 98.95 98.59 97.08 97.90 
102 3.1 10% 3.5 3.7 2.9 2.1 2.0 
3.2 
NI 4 46 55 54 54 46 SI 47 51 81 67 to 40 . 63 67 
35 18 44 51 59 
CR ' 51 132 194 274 64 63 62 114 ' CR 196 9 34 lOS 202 
52 lIZ .27 59 143 
O 28 384 295 359 355 406 296 415 317 0 292 ' 	43 359 282 343 
336 387 391 313 216 
SC 9 37 32 38 30 39 28 39 ' 	29 . 	 SC 36 7 35 24 28 
31 34 33 30 25 
CA to 1$ 122 92 115 118 139 III 139 205 Cli ' 	III 4 220 11$ 120 
98 245 267 88 74 
IN 51 220 97 98 98 II? 78 116 86 -IN 76 52 %4 95 107 103 
114 III .128 72 
SR 181 324 387 .283 302 293 321 282 434 SR 354 256 288 426 454 
368 231 263 322 382 
RB 79 1 14 5 3 5 4 5 8 'RD 7 '129 9 18 18 
35 tO 2 22 * 
ZR 535 .230 223 157 162 198 153 295 242 ZR '138 371 191 153 214 
271 285 191 232 107 
NB 34 29 16 13 14 Ii 13 ' 	26 12 .80 12 .27 16 12 24 
IS 26 '16 28 9 
88 424 90 141 200 76 .123 112 .86 117 BA 85 526 112 129 102 
322 . 	121 09. 144 45 
PB' 6 2 2 2 12 I 3 2 
P0 2 4 3 2 3 2 2 
2 I 
.70 If * # .* III 1 20 0 0 
0 0 1 0 
LA 50 27 26 1 IS 14 9 10 12 . 	-1* I 47 24 12 fl 15 
20 21 IS 9 
'CI 113 56 47 34 25 38 33 	' I 	. 	28 CC 32 214 '30 23 36 41 32 32 44 22 
ND .56 28 32 24 18 23 
. 
22 27 I 20 ND 18 .49 24 18. 21 ' 	27 21 
26 28 24 
I 64 38 35 28 25 35 27 34 25 	 . I .24 51 . 	33 27 29 
. 25 40 38 31 28 
0' 27.26 1.15 - - - 0.55 1.05 2.66 0.02 .8 - 29.26 4.22 - 
- 2.02 245 2.67 0.60 
CO 0.20 - - - - - - - , 	- CO. - - - - - - - - - 
OR 2140 2.89 2.42 4.12 1.79 3.26 2.54 2.43 2.54 OR 2.41' 35.70 4.20 4.81 5.25 
9.70 3.24 1.89 .4.25 0.50 
*8 32.70 23.48 21.11 24.06 18.21 19.75 26.02 17.06 .19.57 *0 28.65 28.02 15.50 18.28 20.19 
18.95 19.85 22.90 21.90 20.20 
AN 9.55 24.14 27.45 26.62 30.43 24.96 36.42 26.88 37.44 AN 33.55 8.33 26.88 31.12 29.43 
30.22 25.29 24.16 22.34 05.29 
NE - - - - - - - - - NE - - - - - - - - - 
DI - 21.11 22.60 18.82 23.39 23.05 29.37 22.97 15.92 DI 18.12 3.82 19.94 22.05 20.85 
15.87 20.70 22.58 18.01 14.78 
NY 1.21 29.07 13.60 15.54 15.73 29.26 17.59 19.60 17.47 NY 19.39 3.31 29.91 12.12 9.45 
11.25 20.42 19.61 27.28 25.55 
01 - - 4.90 3.04 2.56 - - - - 01 0.17 - - 4.53 6.51 
5.63 - - - - 
01 0.78 2.50 2.34 2.20 2.32 2.60 2.08 2.62 2.97 01 2.13 0.59 2.59 2.15 2.31 
2.25 2.48 2.54 2.14 2.52 
It 1.54 5.85 4.98 4.88 4.97 6.04 4.39 6.05 4.55 IL 4.47 0.84 6.05 4.16 5.48 
545 5.29 5.08 4.72 3.18 
AP 0.38 0.81 0.60 0.71 0.61 0.73 0.55 0.72 0.52 OP 0.51 0.12 0.16 0.58 0.64 




-11248 31253 31260 31264 31265A 312658 31265C 312678 31268 11273 11274 31275 31301 31302 31304 31305 31309 .21312 11313 
11314 
9102 54.93 44.52 48.16 46.91 45.51 48.34 45.98 13.41 48.64 48.31 -5102 46.45 41.88 73.84 48.39 69.30 48.03 41.52 46.28 1.05 
48.19 
*1203 12.24 13.35 14.04 17.50 15.71 15.52 13.91 12.10 14.28 17.96 8t203 14.05 13.30 12.85 18.11 12.24 13.53 13.22 16.59 13.24 
14.13 
18203 16.02 17.00 13.00 11.27 13.70 	. 12.10 14.39 1.47 13.48 10.40 11203 13.76 14.91 2.60 10.36 3.77 14.06 15.43 11.91 13.10 13.18 
060 -1.46 5.67 6.20 3.65 5.12 546 6.04 0.11 5.63 5.09 060 6.34 - -4.47 0.13 4.53 0.33 6.11 4.52 5.13 
6.20 5.25 
COO 5.88 10.52 10.43 10.05 9.32 8.81 11.16 0.78 11.21 12.03 COO 10.8! 9.07 0.80 11.27 3.75 11.08 10.04 11.60 10.50 
10.36 
11*20 3.67 2.20 2.32 2.81 2.74 1.97 2.67 3.90 2.45 2.58 11020 2.94 2.96 4.37 2.44 3.31 2.36 2.38 2.30 2.47 
2.65 
0212 1.48 0.33 0.40 0.97 8.82 0.22 0.37. 4.02 0.33 0.45 120 0.41 0.83 3.85 0.59 2.68 0.33 1.07 0.50 0.54 
0.65 
1102 1.75 3.84 2.36 2.47 3.10 2.41 3.08 0.11 2.44 2.13 1102 2.89 3.62 0.24 2.13 0.26 2.74 3.98 2.48 247 
2.85 
11.00 0.52 0.25 0.20 0.18 0.23 0.14 0.21 0.04 0.19 0.15 -011.0 0.21 0.26 0.07 0.16 0.15 0.20 0.21 0.11 0.20 
0.19 
P205. 0.71 1.39 -0.23 0.31 0.33 0.25 0.32 0.02 0.23 0.20 P205 0.29 0.96 0.02. 0.31 0;03 0.29 0.41 0.23 0.29 
0.34 
101*1 98.66 98.08 99.14 96.14 96.57 95.63 99.13 96.08 90.09 99.32 .101*1 98.20 98.27 98.16 98.30 95.81 98.71 98.77 91.19 96.95 
98.39 
101 3.0 2.4 3.6 3.7 101 4.0 3.6 
•111 3 76 54 30 36 54 so 3 66 45 III 54 20 5 46 3 10 21 44 56 44 
CR. 2 119 .36 IS 32 50 74 * 64 139 CO 155 13 0 83 f 139 fl .44 91 16 
-V 6 463 405 - 	263 374 317 399 2 371 -268 0 - 375 296 I 221 2 403 461 315 373 328 
SC - 	30 142 32 29 35 31 38 2 38 27 - SC 38 25 2 24 4 39 34 28 37 30 
CU 8 188 154 Ill 136 265 131 # Iii 97 CII 133 31 I 72 * 160 123 124 130 103 
IN 194 161 97 167 124 110 112 87 108 10 IN 111 128 77 71 155 110 131 92 105 128 
- SR 395 250 226 513 352 278 332 - 60 244 .416 SR - - 340 412 88 404 89 232 308 351 337 368 
RB - 	27 0 7 16 14 3 4 125 5 6 - 	RB 4 14 -91 7 - 51 4 II 9 9 U 
fiR 874 244 155 203 213 163 220 243 148 132 ZR 185 321 459 113 654 172 287 165 189 219 
80 39 20 13 Il 18 .14 17 51 13 II -fU 14 26 - 	52 13 57 Id 23 12 14 Il 
BA 318 126 99 260 229 113 73 4% 90 117 BA -104 222 545 109 538 83 111. - 	118 64 129 
P8 3 0 I 1. .4 2 * 9 3 3 	 I - PB 0 I 4 * , * * 16 I * 
III 2 0 f I 0 0 * 14 1 I Ill * i 8 • 3 6 I 
LA 44 28 14 II 21 - 	.14 24 57 15 15 1* 17 35 74 20 76 27 40 -19 - 	23 25 
CE 104 49 34 39 31 30 39 129 26 29 CO. 18 75 161 44 155 35 59 32 39 45 
NO -63 30 20 25 22 19 21 64 1$ Ii ----ND 23 51 79 24 82 22 38 21 20 26 
9 14 47 34 32 36 29 37 01 33 24 Y 31 56 97 30 125 37 47 27 33 36 
8 8.93 - 0.32 - - 5.67 .. 34.20 0.55 - -11 - 1.35 30.83 0.67 32.25 0.22 1.19 - - 
CO - - - - - - - - - - CO - - 0.10 - - - - - I 	- - 
08 9.99 - 2.04 2.47 6.02 -5.11 1.35 2.23 24.16 2.00 2.73 OR 2.85 5.08 23.08 3.57 16.51 1.99 6.48 -3.05 3.31 3.94 
All 31.93 19.24 20.29 24.99 24.32 17.60 23.36 34.39 21.22 22.22 All 25.69 25.02 37.49 21.23 29.32 20.46 20.64 20.21 21.82 23.06 
AN 12.91 26.49 21.52 33.92 29.48 34.77 25.61 3.79 27.63 36.64 All 24.46 21.17 3.89 37.69 11.13 26.01 22.82 34.79 24.50 21.12 
'WI - - - - - - - - - - NE - - - - - - - - - 
DI 10.70 20.75 20.10 13.65 13.93 8.00 24.24 0.14 23.02 18.65 DI 23.82 15.63 - 14.51 7.08 23.50 21.31 19.42 23.08 19.40 
HI 10.58 13.81 21.69 10.18 8.38 24.93 4.71 2.07 11.91 9.42 HI 0.86 18.87 3.64 15.52 2.38 19.30 16.06 10.12 15.55 11.69 
01 - 6.15 - 3.50 9.34 - 10.42 - - 3.94 01 13.53 - - - - - - 4.74 3.09 0.05 
91 2.03 3.02 2.45 2.04 2.47 2.20 2.55 0.26 2.37 1.82 NT 2.44 2.64 0.45 1.03 0.68 2.48 2.72 2.13 2.46 2.33 
It 3.42 7.55 4.62 4.93 6.17 4.05 6.03 0.34 4.75 4.10 It 5.66 7.09 0.45 4.16 0.52 5.33 7.77 4.91 5.50 5.51 
AP 1.13 0.95 0.56 0.77 0.81 0.63 0.79 0.04 0.55 0.49 AP 0.70 2.36 0.06 0.76 0.08 0.70 1.00 0.57 0.11 0.83 
r. 
JUtS 31311 31318 31319 11320 31322 31323 31324 31321 31331 31332 31339 31342 
5102 46.31 68.73 6059 41.17 16.13 48.15 51.58 46.41 49.81 5102 41.80 41.02 45.61 41.16  
.41203 12.58 12.83 13.27 15.9$ 11.90 12.36 13.21 11.89 1140 41203 13.05 18.93 11.60 23.85  
1(203 15.19 5.86 9.18 13.13 2.48 15.12 10.75 10.47 8.98 .16203 13.65 9.93 10.92 6.23  
#60 3.90 0.12 2.39 5.16 0.05 5.00 2.18 444 459 1100 5.11 5.09 5.70 1.94  
CAD 8.75 3.16 3.68 11.51 0.52 9.26 4.00 12.29 9.85 tAO 9.10 12.57 11.32 13.10  
8*20 2.85 3.45 3.64 2.40 3.92 2.00 3.54 1.86 2.32 11 *20 2.80 2.23 2.10 1.88 
620 0.69 2.43 2.19 0.35 3.43 0.69 2.51 0.31 0.16 620 1.07 0.33 0.44 1.00  
.1102 3.30 0.18 1.11 2.65 0.16 4.01 1.69 2.18 1.95 1102 2.88 2.03 2.22 1135 
880 0.24 0.05 0.16 0.19 0.06 0.22 0.16 0.16 0.12 No 0.19 0.14 0.16 0.19  
P205 0.71 0.11 0.32 0.25 0.01 0.44 0.13 0.21 0.20 P205 0.30 0.19 0.20 0.14 
101*1 94.52 90.18 91.19 98.80 90.66 91.86 96.41 96.22 96.05 101*1 96.62 98.43 96.27 91.44 
10! 5.0 2.3 3.6 3.6 10! 2.8 . 3.1 
NI 18 4 10 44 3 30 3 40 61 -.111 41 55 5! 23 
CR 6 0 5 21 i 21 3 44 132 CR. 70 140 120 94  
$ 316 21 143 358 . 428 81 265 236 9 367 264 216 200  
SC 33 12 19 34 30 Il 23 26 SC 31 23 30 23  
cu 57 24 45 152 65 II 98 61 -Co 109 81 102 50  
• iN 136 32 93 102 173 142 142 85 12 ZN 107 68 .79 56 
SR 332 281 319 359 59 251 307 392 447 .58 288 311 434 446  
.88 12 45 49 4 64 9 50 4 Il 80 19 . 8 32 
ZR 415 695 448 115 452 292 428 148 139 .2 8 206 130 138 102 
.118 •25 45 31 13 10 . 	fl .34 .13 .11 NB is 8 9 7 
BA 164 405 541. 81 543 166 516 86 154 .8* 141 67. 83 48 
P8 I 3 2 2 . 	7 2 .2 0 PR 0  
1* # 6 5 * 8 I 1 18 : 	, • , • 
l.A 26 46 35 11 89 35 49 14 LA 27 20 20 19  
CI 10 122 88 35 190 i49 106 29 21 CI 35 37 32 19 
.85 44 62 46 24 102 31 62 15 16 ND 26 19 19 15  
54 80 59 32 119 50 13 25 23 35 24. 24 18 
8 1.61 30.12 15.10 - 38.17 5.50 13.16 1.46 4.85 8. - - - .0.45 
CO - - - - 0.83 - - - 
- 
CO - -, - - 
OR 4.40 14.68 16.98 2.11 20.60 4.23 15.54 1.94 4.14 OR 6.65 1.98 2.70 6.10 
*8 25.85 29.87 31.12 20.78 33.69 11.55 31.38 16.51 20.61 AD 24.86 19.24 18.61 16.40 
.58 20.92 12.65 12.02 32.50 2.54 23.54 13.49 41.49 36.52 - All 20.19 41.70 39.14 55.42  
NI - - - - - - - . 	111 - - - - 
DI 17.40 1.90 3.90 20.08 - 17.56 1.94 17.40 11.03 Dl 20.24 17.20 15.13 11.50 
HO 18.45 1.13 14.32 13.65 3.41 19.86 17.39 14.46 16.24 80 14.78 9.61 11.98 6.03 
01 - - . 	- 2.12 - - - - 
- 
01 3.15 4.09 5.50 - 
111 2.80 1.03 1.63 2.31 0.43 2.80 1.93 1.09 1.62 .111 2.46 1.15 1.97 I.!! 
II 6.71 1.52 3.47 5.16 0.30 7.89 3.36 4.34 3.08 IL 5.73 3.94 4.43 2.65 
AP 1.80 0.4! 0.19 0.62 0.02 1.00 1.01 0.52 0.50 OP 0.15 0.45 0.49 0.34 
Table 20.3 
31000 	31015 	31020 	31025 	31045 	31048 	J1051A 	31065 	.31078 	31113* 
	
311158 i1135* 	21202 	37210 	31214 	31215* 	312218 312178 	21239 	3124! 
S102 48.05 46.19 48.09 46.10 47.83 46.66 49.23 41.60 41.36 73.73 5102 76.42 54.69 42.26 46.23 46.89 49.38 55.89 57.98 41.05 49.06 
.A1203 16.72 15.45 20.24 20.34 20.30 15.96 17.02 17.82 25.19 13.26 .61203 12.31 24.95 11.18 28.61 18.78 24.51 24.92 23.93 26.07 13.25 
F(203 9.55 15.89 6.67 9.26 8.16 21.96 10.01 10.69 5.85 2.71 18203 1.61 8.26 20.40 8.51 10.83 4.00 9.83 9.32 11.62 15.12 
• .088 6.76 4.52 6.58 4.83 6.10 4.49 5.52 5.20 2.26 0.10 4280 0.06 .5.48 5.90 4.76 3.5 236 2.59 2.22 6.19 4.58 
CA0 13.64 8.79 14.96 14.17 13.11 12.15 11.63 11.82 13.37 0.38 COO 0.32 8.57 8.58 13.63 . 	11.32 13.86 5.88 4.90 12.58 8.54 
• 8*20 1.96 3.35 1.86 1.97 2.06 2.72 2.53 2.75 2.53 5.03 9920 4.64 3.15 2.49 1.87 2.72 2.03 3.91 4.15 2.43 2.93 
020 0.21 0.29 0.07 0.13 0.09 0.42 0.48 0.33 0.36 3.02 020 3.11 2.00 0.28 0.19 0.39 0.67 2.53 1.85 0.29 0.19 
4102 2.19 3.00 0.82 1.72 2.30 2.96 2.08 2.16 1.15 0.16 .7102 0.15 1.31 6.68 1.41 2.36 0.42 2.27 .1.83 2.32 4.07 
8110 0.15 0.23 0.10 0.16 0.12 0.16 0.15 0.15 0.08 0.02 8110 0.02 0.13 0.26 0.12 0.16 0.07 0.20. 0.19 0.16 0.24 
P205 0.12 1.23 .0.04 0.06 0.08 0.22 0.22 0.16 0.15 0.01 P205 0.01 0.17 0.26 0.11 0.24 0.03 0.81 0.65, 0.16 0.45 
101*1 9945 98.93 99.44 99.34 99.16 97.69 98.84 98.69 98.30 98.41 10181 99.25 97.60 98.29 97.34 91.27 97.39 97.99. 97.02 .98.86 99.06 
tO! 1.2 101 
Ml 73 22 17 51 60 45 40 50 16 3 NI II 64 28 88 29 88 
1 A 
63 10 
CR 327 4 265 45 142 58 1153 207 27 i CR . 182 I 272 18 113 8 I . 159 I 
If 231 283 131 310 272 402 283 332 109 19 V 2 268 648 206 291 77 73 97 332 . 	283 
SC .42 23 33 33 30 36 36 34 14 I SC I 28 49 .29 24 24 .18 .27 36 32 
CU 103 114 30 232 62 133 80 101 40 I CII . 112 235 85 Ill 4 16 23 140 147 
ZN .62 •143 36 58 48 81 64 74 31 72 IN 122 79 130 52 72 31 139 . 264 76 113 
SR 335 438 399 392 392 357 . 364 416 411 95 SR 63 323 282 364 439 649 395 294 386 360 
RD 3 I 1 0 * 6 7 4 4 60 . 	80 70 19 4 I 6 IS . 	31 35 4 23 
ZR 115 141 37 63 56 146 118 224 10 482 ZR 473 259 299 69 157 29 622 620 109 312 
99 20 Il 3 4 4 12 .11 9 6 72 .80 71 16 23 6 23 3 •39 .40 9 35 
BA 44 135 31 41 41 94 112 119 41 527 BA 523 209 54 55 89 162 312 367 19 154 
PB 3 I I I * .2 2 .0 I 9 P8 .i 3 2 * I 4 5 2 2 
18 I a a a a 0 II 18 .4 3 * I • I 3 4 * 3 
IA I 33 a * I 8 12 3 7 55 LA .57 25 Il 2 5 a • 	40 31 I 22 
CC 19 76 I 3 I 23 36 25 13 134 CC 131 55 23 II 29 5 102 110 Ii 62 
.80 15 Ise 6 2 9 23 25 25 II 64 .420 59 26 15 II 28 7 .65 63 24 38 
9 24 67 II Ii 14 29 32 25 15 III 	 . V 74 36 39 27 29 6 15 81 24. 53 
0 - - - - - - 0.32 - - 30.98 8 33.96 4.36 - - - 2.48 9.71 22.04 - 2.72 
CO - - - - - - - - - 1.06 	. CO 0.20 - - - - - - - - - 
OR 2.24 2.14 0.42 0.76 0.55 2.54 2.88 1.97 2.28 28.25 . 	OR 22.20 6.09 2.70 1.26 2.37 4.04 .9.34 11.36 1.14 4.75 
AB 26.86 29.05 25.96 16.92 27.74 23.85 21.85 23.83 21.91 43.39 AD 39.64 21.41 21.85 16.41 23.87 21.67 34.56. 36.47 20.98 25.38 
.89 36.74 26.90 47.28 46.98 46.58 31.13 31.36 36.11 51.57 2.81 812 2.56 24.48 19.17 43.29 39.33 57.68 .18.93 24.47 32.59 22.24 
NE - - - - - - - - - - NE - - - - - - - - 
82 25.32 8.03 22.33 19.71 25.43 24.67 28.93 18.15 1.65 81 - 24.93 19.25 22.12 24.45 20.68 4.75 5.35 24.55 16.16 
III 11.27 15.94 4.69 4.64 11.11 3.51 15.36 5.56 3.60 3.74 HI 2.14 26.25 12.62 4.24 10.44 5.84 24.53 .13.43 4.27 18.18 
01 2.40 6.7! 6.56 5.93 4.46 5.71 - 7.29 3.47 - 01 - - 8.02 9.24 2.34 - - 8.02 - 
In 1.67 2.00 1.16 1.62 1.42 2.13 1.76 2.88 1.03 0.41 III 0.28 2.45 3.63 1.51 1.93 0.71 1.74 2.66 2.04 2.66 
II 4.22 5.85 1.58 3.29 2.50 5.81 4.03 4.20 2.23 0.31 It 0.30 2.57 13.14 2.77 4.4 0.82 4.45 3.60 4.50 7.92 
AP 0.29 2.98 0.11 0.15 0.20 0.53 0.52 0.40 0.37 0.02 AP 0.02 0.40 0.65 0.27 0.58 0.08 1.99 1.61 0.39 1.09 
-*1 
(cat.) (coit.) 
31266 31269 31210 31272 31278 31279 31283 31284 31285 31303 
31306 31307 31308 31310 31311 31335 31338 
S102 58.83 44.91 48.18 4524 63.63 52.48 71.04 47.79 46.95 10.99 5102 4466 41.04 46.74 48.32 43.13 45.60 46.80 
*1203 14.18 16.21 15.24 16.66 13.53 13.12 11.93 22.69 26.27 12.59 203 16.48 14.51 20.!! 16.23 13.65 18.43 21.36 f1203 9.21 14.17 10.51 12.13 5.40 12.16 3.40 7.11 6.60 3.66 FE203 13.74 12.32 8.56 13.31 18.13 9.42 6.89  
*60 2.23 5.39 7.40 6.74 1.28 3.69 0.87 3.61 2.52 0.26 MOO 5.90 6.52 5.50 4.29 6.11 5.22 .5.43 
CAD 4.94 12.27 13.41 12.91 3.54 6.97 2.35 12.90 13.08 1.51 CAD 12.99 12.09 13.20 9.65 11.43 14.33 14.11 
1(020 447 2.14 2.14 1.91 2.72 3.09 3.25 2.35 2.53 405 .N$2O 2.06 2.20 2.15 2.83 2.00 1.99 1.82 
620 1.88 0.19 0.17 0.22 3.21 1.54 2.80 0.31 0.24 3.40 620 0.16 0.18 0.25 0.41 0.3! 0.08 0.11 
1102 1.74 3.06 1.90 2.37 1.02 3.21 0.21 1.31 1-39 0.40 1102 3.23 2.42 1.10 2.18 . 3.97 . 	1.61 1.04 
MOO 0.10 0.11 0.17 0.16 0.09 0.18 0.04 0.11 0.10 0.10 No 0.14 0.18 0.14 0.10 0.20 0.12 0.11 
1205 063 0.13 0.12 0.10 046 0.28 0.02 0.15 0.13 0.07 P205 0.05 0.24 0.01 0.29 0.09 0.06 0.04 
10161 90.02 90.65 99.23 98.48 94.57 97.31 95.91 98.39 91.80 97.10 101*1 99.41 97.71 98.42 98.34 99.03 96.85 98.31 
10! 5.0 2.0 3.1 .101 2.6 
NI 4 43 66 62 10 15 5 30 22 3 NI 7! 69 58 24 66 0! 59 
CR 58 173 235 13 0 * 60 33 I CR 117 .225 116 6 16 140 22! 
0 79 I 	466 270 425 86 367 1 142 144 1 419 350 223 375 669 304 114 
Sc 24 36 44 37 to 33 25 22 27 5 sc 38 37 26 31 44 35 27 
Cu 15 169 136 191 21 114 * 51 57 4 Cu 165 119 102 III 262 121 69 
IN 140 90 69 68 92 117 121 51 .44 . 	122 zK 12 9! 65 104 113 55 39 
58 310 366 355 343 125 331 172 464 512 110 SR 318 353 431 389 354 318 411  
RD 37 3 2 2 .73 41 63 4 3 8! 88 I I 2 5 1 * I 
ZR 661 103 02 70 432 305 692 114 ii 596 ZR 69 153 53 216 104 45 10 
MB 41 9 6 6 34 24 65 8 6 51 . *8 
. 
5 II 6 II 6 3 0 
8* 349 68 69 34 335 263 432 54 75 521 BA 50 78 21 13 62 37 Id 
PB 6 I 0 * 5 3 6 * 0 8 P8 * * * 13 I * 
10 3 * 9 2 8 4 4 10 10 * * * , 4 4 
LA 43 4 2 I 51 24 61 1 I 10 LA 13 24 IS 22 1 9 7 
CE III 22 13 4 115 60 164 25 5 140 CC 4 32 0 31 1 13 II 
NO 67 tO 14 8 54 38 86 15 7 .16 RD 3 18 5 .22 8 4 6 
9 03 24 22 20 60 56 92 21 15 93 14 29 13 35 21 12 9 
0 12.36 - - - 25.62 6.93 35.16 - - 30.05 0.94 - - - 
co - - - - - - - - - 
- 
OR 11.42 1.13 1.03 1.31 20.10 9.47 17.29 1.85 1.48 20.74 oo - - - - - 
AD 36.28 18.62 10.30 17.09 24.42 21.15 28.11 20.31 22.05 *8 
0.99 1.13 1.49 2.85 1.85 0.49 1.04  
AN 14.84 34.98 32.04 36.94 16.18 18.00 10.15 51.63 55.67 6.33 Alt 







































01 13.39 5.06 8.54 2.31 9.00 15.74 5.09 10.29 4.90 4.75 HY 
24.31 24.90 17.15 13.56 24.54 25.29 19.20 
01 - 9.34 5.84 12.30 - - - 1.09 3.26 
- 
01 
- 13.95 4.70 18.46 1.12 0.52 3.14 
*1 1.63 2.50 1.04 2.14 0.99 2.28 0.61 1.25 1.17 0.65 PIT 
12.35 3.04 7.4I - 15.25 0.35 6.00 
IL 3.41 5.96 3.61 4.62 2.05 6.33 0.54 2.66 2.70 0.79 IL 
2.40 2.19 1.51 2.35 3.20 1.69 1.21 
OP 1.58 0.33 0.29 0.25 0.41 0.68 0.05 0.36 0.31 0.17 
6.25 4.76 3.30 5.43 1.73 3.18 .2.03 
OP 0.11 0.58 0.10 0.70 0.23 0.15 0.10 
APPENDIX V PEE DATA 
Following are the PEE and Y contents in 24 samples, analysed using the 
ICP (see Appendix VI.C). Concentrations are in ppm with normalised PEE 
values below. They have been normalised to chondrite after Wakita et 
al. (1971) for Pr and Ho and after Nakamura (1974) for the other 
elements. 
JT000 JT003C JT005 JT007 JT020 JT045 
La 7.81 16.26 27.45 30.99 3.10 4.04 
Ce 19.65 42.38 70.14 78.53 7.53 10.42 
Pr 2.95 6.26 10.22 11.25 1.21 1.56 
Nd 15.50 30.00 45.50 50.10 7.70 9.10 
Sm 3.58 7.38 11.31 12.27 1.47 1.93 
Eu 1.36 2.44 3.64 3.86 0.80 1.01 
Gd 4.50 8.45 12.79 13.44 2.05 2.59 
Dy 4.35 7.82 11.74 12.49 1.91 2.44 
Ho 0.75 1.31 1.99 2.15 0.34 0.43 
Er 2.01 3.46 5.21 5.69 0.86 1.13 
Yb 1.70 2.83 4.20 4.70 0.70 0.95 
Lu 0.25 0.40 0.61 0.67 0.10 0.14 
Y 19.40 34.10 51.60 55.80 8.40 10.90 
La 23.7 49.3 83.2 93.9 9.4 12.2 
Ce 22.7 49.0 81.1 90.8 8.7 12.0 
Pr 24.2 51.3 83.8 92.2 9.9 12.8 
Nd 24.6 47.6 72.2 79.5 12.2 14.4 
Sm 17.6 36.4 55.7 60.4 7.2 9.5 
Eu 17.7 31.7 47.3 50.1 10.4 13.1 
Gd 16.4 30.7 46.5 48.9 7.5 9.4 
Dy 12.7 22.9 34.3 36.5 5.6 7.1 
Ho 9.9 17.2 26.2 28.3 4.5 5.7 
Er 8.9 15.4 23.2 25.3 3.8 5.0 
Yb 7.7 12.9 19.5 21.4 3.2 4.3 
Lu 7.5 11.9 18.1 19.8 3.1 4.3 
21'f 
22.0 
JT046 JT047 JT095 JTI12 JT133 JT136 
La 13.86 14.91 14.84 66.26 44.64 37.04 
Ce 35.16 38.35 38.37 171.04 106.69 89.82 
Pr 5.13 5.56 5.65 22.35 14.37 12.42 
Nd 24.10 26.50 27.30 87.50 57.70 52.10 
Sm 5.82 6.35 6.66 21.38 13.55 12.19 
Eu 2.09 2.26 2.33 3.34 3.19 2.90 
Gd 6.73 7.37 8.04 22.00 13.91 13.00 
Dy 6.30 6.87 8.13 23.49 14.29 12.20 
Ho 1.09 1.17 1.43 4.14 2.54 2.12 
Er 2.85 3.07 3.94 11.38 7.08 5.63 
Yb 2.38 2.54 3.46 10.26 6.60 4.76 
Lu 0.35 0.36 0.50 1.43 0.96 0.67 
Y 28.20 30.20 37.90 107.00 67.40 56.10 
La 42.0 45.2 45.0 200.8 135.3 112.3 
Ce 40.6 44.3 44.4 197.7 123.3 103.8 
Pr 42.1 45.6 46.3 183.2 117.8 101.8 
Nd 38.3 42.1 43.3 138.9 91.6 82.7 
Sm 28.7 31.3 32.8 105.3 66.7 60.0 
Eu 27.1 29.4 30.3 43.4 41.4 37.7 
Gd 24.5 26.8 29.2 80.0 50.6 47.3 
Dy 18.4 20.1 23.8 68.7 41.8 35.7 
Ho 14.3 15.4 18.8 54.5 33.4 27.9 
Er 12.7 13.6 17.5 50.6 31.5 25.0 
Yb 10.8 11.5 15.7 46.6 30.0 21.6 
Lu 10.2 10.7 14.8 42.2 28.4 19.8 
JTI60 JT168D JT196 JT225 JT236 JT254 
La 15.95 14.38 14.73 35.65 38.54 18.85 
Ce 40.27 37.41 37.51 91.18 96.06 48.68 
Pr 5.81 5.46 5.42 13.38 13.79 7.19 
Nd 27.70 25.10 26.00 59.80 59.70 33.80 
Sin 6.64 5.94 6.18 14.78 14.66 8.26 
Eu 2.32 2.02 2.20 4.75 4.50. 2.79 
Gd 7.88 7.06 7.28 16.80 16.39 9.93 
Dy 7.72 6.52 6.70 15.96 15.44 9.80 
Ho 1.35 1.13 1.16 2.83 2.71 1.76 
Er 3.70 3.06 3.10 7.71 7.25 4.87 
Yb 3.24 2.59 2.58 6.69 6.20 4.35 
Lu 0.47 0.37 0.37 0.98 0.89 0.65 
Y 35.60 29.80 29.90 74.10 71.10 46.00 
La 48.3 43.6 44.6 108.0 116.8 57.1 
Ce 46.6 43.3 43.4 105.4 111.1 56.3 
Pr 47.6 44.7 44.5 109.6 113.1 58.9 
Nd 44.0 39.8 41.3 94.9 94.8 53.7 
Sin 32.7 29.3 30.4 72.8 72.2 40.7 
Eu 30.1 26.2 28.6 61.7 58.4 36.2 
Gd 28.7 25.7 26.5 61.1 59.6 36.1 
Dy 22.6 19.1 19.6 46.7 45.1 28.7 
Ho 17.8 14.9 15.3 37.2 35.7 23.2 
Er 16.4 13.6 13.8 34.3 32.2 21.6 
Yb 14.7 11.8 11.7 30.4 28.2 19.8 
Lu 13.9 10.9 10.9 28.9 26.3 19.2 
221 
JT260 JT266 JT267B JT270 JT278 JT340 
La 12.34 43.25 48.23 5.84 41.45 66.25 
Ce 30.86 108.02 113.55 15.55 97.81 149.62 
Pr 4.49 15.37 14.87 2.28 12.92 22.15 
Nd 22.10 65.70 55.80 13.50 49.50 87.10 
Sin 5.26 16.10 13.37 3.12 11.30 22.85 
Eu 1.91 4.69 1.62 1.51 2.11 3.03 
Gd 6.88 17.36 14.19 4.09 11.37 23.76 
Dy 7.08 16.34 15.54 3.96 11.40 25.80 
Ho 1.30 2.85 2.80 0.67 2.02 4.69 
Er 3.63 7.71 7.90 1.80 5.58 13.59 
Yb 3.32 6.61 7.44 1.50 5.19 12.15 
Lu 0.50 0.96 1.06 0.21 0.75 1.77 
Y 34.50 75.30 77.40 17.40 54.50 124.00 
La 37.4 131.1 146.1 17.7 125.6 200.8 
Ce 35.7 124.9 131.3 18.0 113.1 173.0 
Pr 36.8 126.0 121.9 18.7 105.9 181.6 
Nd 35.1 104.3 88.6 21.4 78.6 138.3 
Sin 25.9 79.3 65.9 15.4 55.7 112.6 
Eu 24.8 60.9 21.0 19.6 27.4 39.4 
Gd 25.0 63.1 51.6 14.9 41.3 86.4 
Dy 20.7 47.8 45.4 11.6 33.3 75.4 
Ho 17.1 37.5 36.8 8.8 26.6 61.7 
Er 16.1 34.3 35.1 8.0 24.8 60.4 
Yb 15.1 30.0 33.8 6.8 23.6 55.2 
Lu 14.7 28.3 31.3 6.3 22.2 52.0 
2.22 
223 
APPENDIX VI 	ANALYTICAL METHODS (Adapted from Wallis, 1989) 
VI.A X-Ray Fluorecence Spectrometry (XRF) 
Ten major elements and 17 trace elements were analysed in 184 samples 
(Appendix IV) using a Philips PW1450/20 automatic X-Ray fluoresence 
spectrometer. Major elements were analysed on glass discs prepared by 
fusion using a borate flux (Johnson Matthey Spectroflux 105R) Trace 
elements were analysed on pressed powder pellets with matrix corrections 
calculated from sample major element compositions. Some 44 samples 
(lower totals) were ignited after fusion and the LOl values are reported 
in Appendix IV. 
Details of rock crushing procedure, and preparation of fused glass discs 
and pressed powder pellets are given by Thir - lwall (1979), Fitton et al. 
(1984) and Fitton and Dunlop (1985). Samples were analysed along with 
USGS and CRPG international standards and standard concentrations given 
by Abbey (1980) were used to calibrate each element. All sample counts 
were rat joed to monitor counts in order to correct for instrument drift. 
VI.B Electron probe microanalysis 
Mineral analyses were carried out on 36 samples (Appendix III) using the 
Cambridge Instruments Microscan 5 electron probe at the Grant Institute 
of Geology. A focussed 1-2 urn beam was used with a sample penetration 
depth of 3 urn. Standards were used for Si, Al, Mg, Fe, Ti, Mn, K, Na, 
Ca, Ni, Cr and Ba, and corrections were made for dead-time, atomic 
number, atomic absorption and fluoresence, after the method of Sweatman 
and Long (1969). Further procedural details are given by Thirlwall 
(1979) and details of detection limits and precision are outlined by 
Russell (1985). 
VI.0 Inductively coupled plasma spectrometry (ICP) 
Twenty four samples were chosen for REE analysis (Appendix V) using the 
Philips PV8210 1.5-rn inductively coupled plasma spectrometer at Royal 
Holloway & Bedford New College, University of London. The ICP method 
Involves the chromatographic separation of REE from rock powders using 
cation exchange columns. The analyte solution is injected into a high 
temperature (6000 - 10000 K) flame such that spectral lines are exited 
by ionic as well as atomic species. Details of selected spectral lines 
and operating parameters used in the analysis are reported by Walsh et 
al. (1981). 
Dissolution of rock powders was performed by weighing 0.5 g of sample 
into a platinum crucible, to which 15 mIs of an HCI0 4 - HF mix were 
added. The crucibles were then evaporated to dryness on a hot sandbath. 
When cool, 5 mIs of concentrated HCI were added to each with enough 
distilled water to half fill the crucible. The samples were then left 
on a hotplate for a further five minutes until dissolved. The solution 
was filtered using number 42 filter paper, and rinsed well with 
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distilled water, collecting the filtrate in a 100 ml beaker. 	Each 
filter paper was ignited in a silver crucible (starting the furnace from 
room temperature and taking it up to 250 0C then to 4000C and finally to 
8000C). The samples were removed from the furnace after 30 minutes at 
800 0C and 5 pellets of NaOH were added to each. They were returned to 
the furnace for a further 30 mins (at 800 00 and then removed, swirling 
the mixture in each crucible to digest the cake, and approximately 5 mIs 
of concentrated HCI to dissolve it (stirring with a rubber policeman). 
Each solution was added to its respective filtered portion and made up 
to 100 mIs with distilled water. 
Chromatographic separation was performed using glass columns of 20 mm 
internal diameter and 250 mm length, with a glass sinter disc and PTFE 
burette tap at the base (Walsh et al., 1981). Columns were loaded to a 
settled height of 12 cm with DowexR AG50W-X8, 200-400 mesh • cation 
exchange resin and washed with 200 mIs of distilled H20 prior to sample 
loading. Samples were loaded on the columns and once passed through the 
resin, were eluted with 500 mIs of 1.7 M HCl. A further 600 mIs of 4 M 
HCI was then added and this portion was collected in pyrex beakers after 
being first filtered through a Whatman No. 42 filter paper to remove 
particles of resin. The separated aliquots were evaporated to dryness 
and stored. For IC? analysis, samples were redissolved in 5 cm 3 of 10% 
HNO3. 
Standards and blanks: 	Ion exchange separations were carried out in 
batches of eight, each batch including a blank and one internal RHBNC 
standard. Blanks went through the entire chemical separation procedure 
to ensure that sample memory on the columns was minimal and that all 
equipment was clean. Analyses of the blanks are shown in Table VI.1. 
The blank concentrations were negligible. Analytical precision of the 
IC? method, based on replicate analyses, has been calculated by Walsh et 
al. (1981) and is presented in Table VI.2. Standards KC1O, KC11, KC12 
and KC14 were also taken through the dissolution and exchange procedure 
and are reported in Table VI.3. Comparison with accepted standard 
values (Table VI.3) is satisfactory. 
A few trace elements, including Y, were analysed for each sample using 
the [CP. The RE La, Ce and Nd had been analysed earlier using the XRF 
method. Table VI.4 shows the covariation of the elements La, Ce, Nd and 
Y between XRF analyses and those determined by ICP. Since Y tends to be 
readily lost from the analyte in the PEE separation process, this 
element is a useful check on the reliability of the HPEE analyses. The 
overall agreement. is good. 
A synthetic standard containing all the PEE and Y was analysed after 
every tenth sample to check for instrument drift, which was considered 
negligible. In addition, a set of interference standards: Nd (10 ppm), 
Ce (20 ppm), Zr (50 ppm), Sr (50 ppm), Ba (100 ppm), Ca (100 ppm), and Fe 
(100 ppm) were analysed between sample analyses in order to determine 
the interferences from these elements on the RE. The Pr, Er and Gd 
analyses have been corrected for interference effects from Ca and Fe. 
La 0.76 0.36 0.26 0.07 
Ce 1.28 0.49 0.38 0.10 
Pr * * 0.03 * 
Nd 0.50 0.30 0.30 0.00 
Sm * * * * 
Eu 0.02 0.01 0.01 0.00 
Gd 0.00 0.02 0.06 * 
Dy 0.11 0.10 0.12 0.02 
Ho * 0.00 0.00 * 
Er * 0.02 0.02 0.00 
Yb 0.03 0.03 0.03 0.02 
Lu 0.00 0.00 0.00 * 
Table VIA 	REE concentrations of blanks analysed by ICP during the 
course of sample analysis, one from each of four batches of samples. 
(Concentration in ppm; * = below detection limits). 
Mean 2o RSD(%) 
La 5.83 0.75 6.5 
Ce 12.30 0.86 3.5 
Pr 1.89 0.16 4.3 
Nd 9.64 0.67 3.5 
Sm 2.48 0.11 2.2 
Eu 0.90 0.02 1.1 
Gd 2.59 0.14 2.7 
Dy . 2.96 0.05 0.9 
Er 1.75 0.08 2.3 
Yb 1.79 0.04 1.8 
Lu 0.28 0.01 1.8 
Table VI.2 Precision estimates for REE data analysis by ICP, based on 
15 replicate analyses (from Walsh et al., 1981). 
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KCIO KCIO XCII Xcii 
A N. A M 
La 4.5 4.5 24.1 25.5 
Ce 10.6 10.1 52.6 55.6 
Pr 1.5 1.4 6.3 7.1 
Nd 7.0 7.9 26.9 27.9 
Sin 1.7 1.5 5.2 5.4 
Eu 0.7 0.7 1.5 1.5 
Gd 2.1 2.0 5.3 5.5 
Dy 2.3 2.2 5.0 5.2 
Ho 0.4 0.4 0.9 1.0 
Er 1.3 1.1 2.7 2.7 
Yb 1.1 1.1 2.3 2.4 
Lu 0.2 0.2 0.4 0.4 
KC12 1CC12 XC14 KC14 
A M A N 
La 37.0 23.6 59.0 55.0 
Ce 70.0 49.1 120.0 124.6 
Pr 7.2 5.9 13.0 14.4 
Nd 27.0 20.8 58.0 49.3 
Sin 3.3 3.2 14.0 12.1 
Eu 1.1 0.9 0.6 0.4 
Gd 2.1 2.1 15.0 14.2 
Dy 1.2 1.3 18.0 19.4 
Ho 0.3 0.2 4.0 3.8 
Er 0.8 0.5 11.8 11.6 
Yb 0.5 0.5 11.2 12.4 
Lu 0.3 0.1 1.5 1.8 
Table VI.3 Accepted (A) and measured (M) values for standards KC1O, 
KC11, KC12 and KC14 analysed by IC?. 
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La Ce Nd Y 
JT000 0.128 0.967 0.968 1.237 
JT003C 0.861 0.779 0.833 1.672 
JT005 1.166 0.841 0.879 1.085 
JT007 1.129 1.031 0.978 1.093 
JT020 * 0.133 0.779 1.310 
JT045 * 0.096 0.989 1.284 
JT046 0.649 1.308 1.037 1.241 
JT047 1.140 0.860 0.717 1.093 
JT095 0.674 0.834 1.026 1.082 
JT112 1.283 1.210 1.154 1.121 
JT133 1.165 1.209 1.161 1.113 
JT136 1.215 1.147 1.056 1.105 
JT160 0.878 1.018 0.975 1.096 
JT168D 0.278 0.829 0.837. 1.007 
JT196 1.018 1.093 1.038 0.970 
JT225 1.262 1.163 1.054 1.066 
JT236 1.038 1.083 1.022 1.083 
3T254 1.273 1.027 1.006 1.065 
JT260 1.135 1.102 0.905 0.986 
JT266 0.994 1.028 1.020 1.102 
JT267B 1.182 1.136 1.147 1.047 
JT270 0.342 0.836 1.037 1.264 
JT278 1.230 1.176 1 .091 1.101  
JT340 1.389 1.196 1.183 1.098 
Table VIA Covariation of XRF and ICP data for all analysed samples for 
the elements La, Ce, Nd and Y (XRF/ICP ratio). (*=XRF undetected) 
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